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oiaawyn Aingsley JSIoble was bom Septembe^^, 1894 in 
Yonkers, New York, the son of Gilbert Clifford Noble and Eliza- 
beth Adams. From earliest boyhood he displayed a marked interest 
in the world of nature and long before graduating from the 

Yonkers High School he had made up his mind to become a 
naturalist. 

Majoring in zoology at Harvard, he received his A.B. in 1916 
and his A.M. in 1918. Much of his time in Cambridge was spent 
at the Museum of Comparative Zoology working as assistant to 
the late Thomas Barbour. His early enthusiasm was for birds, and 
his first scientific paper, published when he was nineteen, dealt with 
the depredations of cats among the nesting gull colonies of Mus- 
keget Island. It was chiefly as a bird student and collector that he 
was sent to Guadeloupe at the end of his freshman year and to 
Newfoundland the following sunwritet. In 1916 a third Harvard 

. ^ , took him as general zoologist to the Marinan Valley 

in northwestern Peru. Dr. Barbour encouraged his field activity 
pve him a thorough grounding in taxonomy, published several 
herpetological papers with him, and undoubtedly was responsible 
for stimulating his interest in reptiles and amphibians. His first 
paper on frogs was largely taxonomic but gave promise of depth 
and versatility m ite histological drawings and data. 

The young scientist’s career was intermpted early in 1918 when 
e obtained a co^ssion as ensign and was. sent to Washington 
to serve in the Office of the Chief of Naval Operations. At the close 
of the war he came to the American Museum of Natural History 
as as^stant curator in the department of herpetology. At the same 
time he began woAing for his doctor’s degree at Columbia Uni- 

IZX- "3 1 adviser and 

lator his deeply esteemed friend. His thesis, entitled “The Phylog- 

eny of the Salientia, was pubUshed in 1922 and was soon recog- 

mzed as a major herpetological contribution. In it he reclassified 

as ver^h fundamental characteristics 

Z ^.'1^'^“'°" ““““taure. Subsequent papew 

phylogeny, and palaeontology. 
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In 1921 he married Miss Ruth Crosby, a member of the museum 
educational staff, and many of his later field trips were taken with 
her and with their two sons. Much as he delighted in field work, 
he never had a keen desire to explore the far corners of the world, 
feeling that for him the mysteries of laboratory and countryside 
offered adventure enough. Short excursions were frequently made 
to study or collect forms in which he was particularly interested, 
such as the aquatic lizards of Cuba, the giant tree frogs and 
iguanas of Santo Domingo. He loved the pine barrens and cedar 
swamps of south Jersey with their Anderson’s tree toads, carpenter 
frogs, and fence lizards; the heron and gull colonies of Long Island, 
Nantucket, and the Jersey coast; the cave creatures of the Ozark 
mountains; the fish life of the Florida reefs and the Marineland 
Aquarium. Intimate contact with these creatures brought him to 
the realization that life history, like structure and physiology, 
could indicate evolutionary relationships. A number of ontogenic 
papers were published and later summarized in “The Relation of 
Life History to Phylogeny within the Amphibia,” read before the 
British Association for the Advancement of Science in 1925. 

That summer and fall were spent in England and Europe visiting 
universities, museums, zoological gardens, and aquaria — studying 
not only the collections of animals but also techniques of storing, 
cataloguing, and exhibition. 

During his comparatively short career he published about 180 
pa.pers. From 1916 to 1932 four-fifths of these were on amphibians. 
His interest in life history lead inevitably to a closer study of 
courtship and social behavior, and of the effects upon them of the 
endocrine glands, especially in salamanders. He learned that much 
of this behavior, so difficult to spot in the field, could be induced 
artificially in the laboratory. Reptiles and amphibians proved to 
be excellent subjects for experimental work because of their basic 
position in the evolutionary scale and because they were easy and 
economical to rear in the laboratory. A long series of studies were 
made on the physiology and behavior of various frogs, salamanders, 
snakes, and lizards. Many of the results were woven into this book 
originally published in 1931. 

Henry Fairfield Osborn, long president of the museum, had 
followed these researches with consistent enthusiasm, and in 1928 
the trustees voted funds to establish a separate department of 
experimental biology — a department which is still producing regu- 
larly and which is undoubtedly Dr. Noble’s greatest memorial. 



The last twelve years of his life were devoted chiefly to problems 
of physiology and behavior; characteristically, he prepared himself 
to meet them by taking courses in endocrinology, neurology, and 
psychology. To some extent reptiles and amphibians gave way to 
fish and once more to birds. Fish had the advantage of more fre- 
quent breeding cycles, and bird reactions were perhaps more 
spectacular. 

At various times. Dr. Noble was a lecturer in biology at Colum- 
bia University, a visiting professor at the University of Chicago 
and at New York University. On several occasions he was offered 
university posts of distinction and responsibihty; although he 
enjoyed a university environment, he decided not to change. He 
had a sincere devotion to the museum and a tremendous desire to 
see it develop not as a storehouse — but as a dynamic educational 
force which would interpret the fundamental principles of hfe. 
He felt, too, that his own particular type of research could best 
be carried on in the museum. Always he remained a naturalist at 
heart, fully recognizing the importance of the more technical 

“ologies” but accepting them only as tools to the deeper under- 
standing of birds, frogs, and men. 

1954 


R. C. N. 




PREFACE 


With the increasing use of both frogs and salamanders in 
experimental biology, the need has arisen for a general textbook 
which summarizes the relations of Amphibia to one another and 
to their environments. The salamanders, for example, are 
commonly believed to be more primitive than frogs, although 
this is true for only certain features of their anatomy. Again, 
Necturus, which is now frequently employed in university courses 
of zoology, is often described as a very primitive type, without 
further reference to its systematic position among the Caudata. 
There is no book written in English since Gadow’s volume in the 
“Cambridge Natural History” (1901) which attempts to combine 
both the natural history and the biology of Amphibia in a single 
volume. Holmes’s splendid book on “The Biology of the Frog” 
has accomphshed this task for Rana, and in extending the field 
to all the Amphibia, I have been influenced by this work in the 
selection of material. 

Although the present volume was written primarily to intro- 
duce the student to the biology of both frogs and salamanders, 
technicalities have been avoided wherever possible and much 
has been included which should be of interest to the field natural- 
ist or traveler. The systematic names employed are those in 
current use by naturalists and not the more familiar ones of the 
experimental laboratory, The difference between these two 

nomenclatures is not sufficiently great, however, to cause 
confusion. 

The sections dealing with the physiology of Amphibia are 
necessarily greatly abridged, but reference has been made 
wherever possible to the more comprehensive papers and sum- 
maries where a historical treatment of the subject may be found. 
Unfortunately, the extensive account of the Amphibia by Pro- 
fessor Franz Werner in Kukenthal’s “Handbuch der Zoologie” 
appeared after my manuscript had gone to press and no reference 
is made to this authoritative work in the following pages. 

In the preparation of the text I have received help from many 
sources. My thanks are due first to Professor Henry Fairfield 


PREFACE 


Osborn for his enthusiastic interest and for the many facihties 
I have enjoyed at the American Museum where the work was 
carried forward. I have received considerable bibhographical 
assistance from Dr. Cora S. Winkin and Mr. Ludwig Himing, 
who have also collated various parts of the text. Dr. Winkin 
has contributed original notes to the chapters dealing with the 
nervous system and with metaboUsm. Professor Frank H. 
Pike has kindly read the chapters on the nervous system and on 
respiration. Dr. Thomas Barbour has loaned for study valuable 
material preserved in the Museum of Comparative Zoology. 
The drawings are the work of Mrs. E. L. Beutenmuller and many 
are based on original material in the American Museum. I am 
especially appreciative of the aid given throughout the course of 
the work by my research assistant, Miss Gertrude Evans. 

G. K. N. 

The American Museum of Natural History 
New York, N. Y., 

Aprils 1931 . 
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THE BIOLOGY OF THE 

AMPHIBIA 


PART I 

THEIR STRUCTURE AND FUNCTIONS 


CHAPTER I 

THE ORIGIN OF THE AMPHIBIA 


There are many backboned animals which lead an amphibious 
life. The crocodile and the seals live at times in water and 
again on land.. The name ‘ ^ Amphibia, ” first used by Linnaeus for 
a rather odd assemblage of more or less aquatic vertebrates^ 
referred to this amphibious habit of the members of the group. 
Today the name is restricted to that class of vertebrates which is 
intermediate between fishes and reptiles. The group includes the 
frogs, salamanders, caecilians, and many fossil creatures, fre- 
quently of large size and bizarre form. 


The living Amphibia are cold-blooded vertebrates possessing 
limbs instead of paired fins like the fish and having a soft, moist 
skin lacking the protective hair or feathers of higher vertebrates. 
Salamanders are often confused with lizards, which they resemble 
superficially. The latter have a dry, scaly skin similar to that 
of other reptiles. Minute scales are present between the trans- 
verse body rings of caecilians but these are rarely seen without 
making a dissection. Amplnbia may, therefore, be defined as 
col^bl^ded vertebrates having a snmoth or rough skin rich in 

glands which keep it moist; if scales are present, they are hidden 
in the skin. 

The development of Amphibia, also, serves to distinguish them 
from reptiles, birds, or mammals. The eggs are usually laid in 
the water and the larvae pass through an aquatic stage before 
metamorphosing into the adult. Many frogs and salamanders 
lay large-yolked eggs on land and the young never enter the 
water. These terrestrial eggs lack the calcareous shell of reptiles 
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and birds. Further, the embryo as it develops is never sur- 
rounded by the protective amnion or equipped with a respiratory 
allantois as in the case of higher vertebrates. Modern Amphibia 
differ from reptiles in many details of their skele^I an^my, 
but some Carboniferous and Permian Amphibia, especially the 
Rachitomi, were so similar to contemporary reptiles that it is 
impossible to draw a sharp line of distinction between them. 
Palaeontological discoveries have also done much to fill in the 
gap between Amphibia and fishes but even here all the inter- 
mediate stages have not yet been found. Modern Amphibia 
have arisen from a group of more or less aquatic tetrapods which 
flourished from at least early Carboniferous to Triassic times.^ 

The term ^'Batrachia*' is frequently used for the' class 
Amphibia, as, for example, by Cope in his monumental “The 
Batrachia of North America.” Linnaeus included crocodiles, 
li^rds, snakes, and t^les in his group AmphTbia, and hT was 
followed by some later students. Brongniart was the first to 
distinguish the frogs and sal aman ders from the reptiles but his 
choice of the term batraciens for the group was unfortunate, as 
this name was already a synonym of Salientia. Various other 
names were later proposed for the class. It was not until 1825 
that Latreille restricted the name Amphibia to the frogs, toads, 
and salamanders, leaving the caecilians with the reptiles. The 
term Amphibia, therefore, originates horn the Linnaean name 
as restricted by Latreille, the caecilians being later added to 
the group. Rules of priority are not strictly applied to groups 
higher than genera, and as Linnaeus included reptiles in his 
category, there are some students who would use another name 
for the class. Since none of the later names proposed has met 
with wide acceptance, the majority of recent students utilize the 
Linnaean name Amphibia in its restricted sense. (Noble, 1929.) 

The First Tetrapods. If we compare a frog sitting on the 
edge of a pond with the perches, catfish, or eels in the water, the 
difference between a tetrapod and a fish seems tremendous. A 
scrutiny of their detailed structure brings forth such a series of 
differences in skull, appendages, and breathing apparatus that 
the change from fish to frog would seem to be one of the most 
radical steps in the evolution of the vertebrates. 

This step does not seem less tremendous when we compare the 
aquatic newt with the fish, for the former is a typical tetrapod 
which has secondarily taken up a life in the water. 'Vlt is no 
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wonder that anatomists were puzzled for many years as to how 
the first tetrapod arose, and even today there is no agreement 
between those who study only the recent forms. 

When the evidence from palaeontology is available, this must 
necessarily be placed ahead of all our other evidences. ' The 
gaps in the palaeontological record of the Amphibia are great, 
but the combined researches of recent years (especially Gregory, 
1915; Watson, 1917, 1919, 1926; Williston, 1925) have thrown 
much light on the beginnings of land life among the vertebrates. 
Further, most amphibians pass their early life in the water. 
The morphological changes of metamorphosis would seem to 
reflect to a greater or lesser extent the changes which took place 
when the first vertebrate became established on land. As with 
all other problems of phylogeny, the evidence of palaeontology, 
of anatomy, and of development must be weighed one against 
the other for the final solution of the problem. 

If the modern fish were to be changed into a tetrapod, a number 
of important transformations of structure would have to be 
accomplished. The gills would have to be lost, and the lungs 
developed and the nasal passage extended to form internal nares 
for the ingress of air when the mouth is closed. The fins and 
body would have to be modified for land locomotion and the 
integument changed to resist drying. The latter would mean 
the development of a cornified epidermal covering and a series 
of integumentary glands discharging by ducts on to the surface, 
at least over those parts not provided with an armored skin! 
Specialized glands would be required to keep the' nasal passage 
and mouth from drying. The eyes, formerly bathed by the 
water, would be especially sensitive to the new conditions and 
must either develop a horny, protective cover as in modern 
snakes or produce softer eyelids out of dermal folds. In either 
case a lacrimal gland and drain would be needed for cleansing 
the eyeball. To keep the nasal passage clean a muscular closing 
device would be required at the outer end of each nasal inlet. 

t e first tetrapod were to succeed on land, the sense organs of 

e fish would have to undergo considerable modification, for, 
w 1 e the lateral-line organs would be no longer required, the 
au itory , optic, and olfactory centers would gain a higher 
importance, demanding in some cases fundamental changes in 

e st^cture of the organs. If the head were flat as that of 
many rogs, special muscles to raise the eyes above the surface 
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of the skull would be needed if the eyes were to be at all efficient. 
Lastly, the loosely hung jaw of the majority of teleosts would 
have to be firmly fixed to the brain case. 

How the first tetrapod accomplished all these changes will 
never be known. The evidence available shows conclusively 
that it was not by such sudden revolution as maintains in the 
metamorphosis of most modern forms. The outstanding contri- 
bution of the palaeontological data is the proof of how slight a 
structural alteration changed the primitive fish ancestor into 
the first land vertebrates. Similarly, the first reptiles evolved 
from the embolojnerous ampffibians and the first mammals from 
cynodont reptiles by very gradual steps. 

Piscine Ancestors.— Today there are a few fish which live 
both in and out of water. Some of these have been recently 
carefully studied by Harms (1929) and it is interesting to note 
how closely they parallel the Amphibia in their adaptations to 
life on land. Protection against drying is secured by the develop- 
ment of a horny skin growth in the gobies^and a cuticle in the 
blennies . Skin respiration is improved by the penetration of 
capillaries into the epidermis. An extensive saccular enlarge- 
ment of the buccopharyngeal cavity increases the efficiency of 
buccal respiration. Gulped air is prevented from escaping 
through the gill slits by a modification of the gill covers. The 
eyes are modified to project above the surface of the head, and 
the limbs, especially the posterior, are strengthened by bony 
rays so arranged as to permit terrestrial locomotion. There are 
also changes in the cutaneous sense organs which protect them 
against drying. These fish undergo a certain metamorphosis 
into partly terrestrial animals, and Harms found that this 

metamorphosis was influenced by the thyroid hormone, as in 
the case of Amphibia. 


The first tetrapods did not come from modern fish. Already 
in Carboniferous times three distinct o rders of tetra^pds— 
labyrinthodonts, lepospondyls, and phyllospondyls — had devel- 
oped. The first two were both present in the Lower 
Carboniferous. Footprints are known from the Devonian of 
Pennsylvania. Hence the tetrapods must have arisen in at 
least Devonian and possibly Silurian times. The tetrapods 
arose from ancestors in the fresh waters, for their earliest remains 
are associated with fresh-water deposits. All fresh-water fishes 
of Devonian times were ganoids (in the broad sense), dipnoans, or 
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aberrant sharks, and hence our search for the tetrapod ancestor 
narrows down to these lines of primitive fishes. 

If we compare the modern dipnoans and ganoids with modern 
Amphibia, especially urodeles, certain obvious resemblances will 
at once appear. Both breathe to a large extent by lungs and 
the distributions of blood vessels to and from these organs have a 
close resemblance. Other similarities may be found in certain 
features of the skull (Wintrebert, 1922), the brain (Herrick, 1924), 
the urogenital system, and early development'. But these 
similarities will not bear a close inspection, for they differ in 
many details. 

It is, however, hardly reasonable to compare a modern amphib- 
ian with a modern dipnoan when the ancestral stocks of both 
groups are available for study as fossils. 4 he most primitive 
dipnoans, those from the Middle Devonian, may have possessed 
some of the urodele resemblances listed above, but they also 
^ possessed a number of distinctive characters which would 
Veckde them from the direct ancestorship of modern Amphibia. 
This is especially true of the skull which had already begun the 
formation of the large tooth-plates so characteristic of modern 
lung fishes. In many other features of their skull the primitive 
dipnoans differ widely from their tetrapod contemporaries. 

This leaves only the ganoids among which to find the ancestor 
of all tetrapods, since the sharks are obviously off the main line 
of ascent. One family of D evonian crossopteryg ian ganoids, the 
Osteolepidae, agree so closel^^ with the primitive Amphibia in 
most important skeletal features that there can be no doubt that 
the first tetrapods branched off from a fish very closely allied 
to this family.v The work of Dollo, Watson, Gill, etc., has made 
1 c ear t at the dipnoans and the osteolepids sprang from the 
same stock, Whether the Amphibia sprang from this ancestral 
s oc or from the very base of the crossopterygian stem is not 
knowny They agree in structure more closely with the Oste- 
o epi ae than with the earliest fossil dipnoans. In seeking the, 
eginnings of tetrapod organization in the fishes, our attention 
niust, therefore, be turned not to modern dipnoans nor to 
crossopterygians, nor to the fossil dipnoans, but to the osteolepid 
crossopterygians of Devonian times which differed but slightly 
Irom the actual ancestors of the Amphibia. 

e most primitive Amphibia are the E mbolome ri. an extinct 
su order which lived from Lower Carboniferous to the Permian 
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(Fig. 1). Our knowledge of the skeletal details of the Embo- 
lomeri are chiefly due to the brilliant researches of Watson (1926). 
The Embolomeri, like many later groups of Amphibia, very 
early underwent an enormous adaptive radiation. Already in 
Carboniferous times the group contained, as shown by Watson 
(1926, page 192), “primitively aquatic animals which show no 
signs of ever having possessed terrestrial ancestors,” others 
obviously terrestrial, and still others secondarily returned to 
life in the water. “Despite these diverse habits, the funda^- 



Fla. 1 . — Eogyrinus aitheyi, a primitive embolomerous amphibian. Recon- 
Btruction of the skeleton. (After Waison, Phil. Trans. Roy. Soc. London, 1926.) 


mental morphology of the skeleton is strikingly uniform through- 
out the group/' The ancestral fish, as shown by Watson, 
changed into a tetrapod before the latter became permanently 
adapted to land life. | 

Labyrinthodontia* -The earliest Amphibia as represented by 
Eogyrinus, recently made known by Watson (1926), swam in 
the waters with their piscine ancestors. Amphibia were pre- 
pared for life on land before they were forced into the terrestrial 
world. Still it is probable that a need for terrestrial adaptations 
existed at the time the Amphibia were evolving. Eogyrinus 
apparently lived in pools of a rather arid and quickly drying 
country. With the drying of the pools Eogyrinus would have 
been forced to make overland journeys to new pools. Loco- 
motion over land was probably made very much in the manner 
of an eel. 

The first Amphibia were essentially fishlike in most of their 
skeletal anatomy. In the osteolepid fishes a long tract of the 
basis cranii remained unossified permitting a certain movement 
of the skull, while in the embolomerous Amphibia this had 
ossified (Fig. 2), The fish hyomandibular was converted into a 
stapes in the earliest Amphibia even though no opening for its 
insertion into the otic capsule was present. A true stapes in 
these Embolomeri suggests that a tympanic membrane was 
present covering the spiracular notch. As in fish, the pectoral 
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girdle of some Embolomeri was attached to the skull by the post- 
temporal bones and closely resembled that of fish except that a 
new dermal element, the interclavicle, had been added to its 
ventral surface in the midline. The pelvis of these early Embolo- 
meri gave evidence that the first Amphibia were not primarily 




D 

Fio. 2 —Skull of an osteolepid fish and an embolomerous amphibian compared 

& ft ectopterv,;oU 1 T' basioccipital; B.Sp.. basisphenoid ; 

Pal v^Mn^ p Trt' «P Pterygoid; Ju., jugal; L.. lacrimal; Mx.. maxilla: 

otic' Pi pte^v Jh ’ P°«terbital; Pr.. erefrflpial; Pr.Ot.. pro- 

{Afler Wat.on, PhiLTrals. ftoTsTc® 


terrestrial. The long sacral ribs lay below an elongated ilium, 
indicating that the latter element was attached to them by 
muse es, exactly as the scapula is attached to the pectoral ribs, 
he hmbs were small but as far as known more like those of 
er Amphibia than like the fins of the osteolepoid fishes. Fin- 
gers and toes were present and the limbs assumed a normal 
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position at right angles to the axis of the body. The limbs of the 
Embolomen perhaps more than any other part of the skeleton 
show an advance over the homologous structures of fish 
The Embolomeri are grouped with other crocodile- or sala- 
mander-hke Amphibia in the order Labyrinthodontia. These 
have a skull with a solid covering of many more bones than are 
found in the skull roof of modern Amphibia. Only the eyes 
nostrils, pineal foramen, and rarely the facial pit, formed openings 

in this solid skull cover. The teeth 
were pointed with simple or greatly 
folded dentine layers. It is from these 
folded teeth that the order receives its 
name. Frequently bony plates or scales 
were present in the skin, forming a 
protection for the ventral surfaces 
which were dragged over the ground, 
also a cover delaying the desiccation of 
the body and in some instances a 

cuirass against the attacks of enemies 
(Fig. 3). 

The evolution of the Labyrinthodontia 
is essentially a process of reduction of 
ossification. This results in an increase 
in the interpterygoid vacuities of the 
skull, the change of the joint between 
skuU and first vertebra from a single or 

F.a. 3.-Comparison of ® ^ double COndyle, 

,..e scales of a modern and modification of the Vertebrae 

r.,s’;r.u%”eir;,phi lo a ,ingie 

a caecilian (after the Sara- ^^^m typey These changes in the skele- 

i« tether detail to 

dont (after Credner). vnap. X, while a classification of the 

order is given in the concluding chapter. 
The suborders Embolomeri, Rachitomi, and Stereospondyli 
represent successive grades in'the evolution of skull and vertebrae. 
The vertebrae evolved away from the reptile type for the inter- 
centrum (basiventral) was emphasized in the Stereospondyli 
at the expense of the pleurocentrum which tends to disappear 
(or remain cartilaginous). In modem Amphibia this reduc- 
tion is carried even further; an ossification in the connective 
tissue sheath surrounding the chorda forms the greater part 
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of the centrum, although the basidorsal and usually the 
basiventral are represented by cartilages. The pleurocentrum 
(interdorsal and interventral) may remain unossified, forming 
the cartilaginous joint between the successive vertebrae, or the 
greater part may ossify as the “ball” of the centrum. If this 
ball attaches itself to the vertebra anterior to it, the vertebra is 
procoelous; if to the one behind, it is opisthocoelous. 

Phyllospondyli. — Contemporaneous with the Embolomeri there 
occurred in both Europe and America a group of small Amphibia 
which were apparently destined to give 
rise to the frogs and salamanders at a 
later period. These were the Phyllos- 
pondyli (Fig. 4) as represented by Eugy- 
rinus in Lancashire, England, and Pelion 
in the Pennsylvanian of Linton, Ohio 
(Romer, 1930). Pelion retained such 
primitive features as an ectopterygoid, 
as well as an articulation of the pterygoid 
with the anterior margin of the basi- 
sphenoid region much as in the Embolo- 
meri. Large labyrinthodont teeth were 
present medial to the row of marginal 
teeth. Romer considers this form ances- 
tral to the typical branchiosaurs in which 
the labyrinthodont teeth were greatly 
reduced or lost and the pterygoid had a 
more posterior position and was presum- 
ably firmly fixed to the cranium. ' Typical 
branchiosaurs as represented in the late 



Fio. 4. — Restoration of 


Pennsylvanian horizon of Bohemia had short, broad skulls, still 
retaining the tabulars and the dermosupraoccipitals, lost by all 
modern Amphibia (Fig. 5). The ribs were short and straight as in 
frogs and salamanders and were carried by transverse processes 
from the side of the vertebrae. Primitive frogsagree so closely with 
salamanders in vertebrae and skull that it would seem certain they 
had a common origin. The branchiosaurs resembled salamanders 
closely in body form. No fossils have been found with skull or 
pectoral girdle intermediate between that of branchiosaurs and 
urodeles. Nevertheless the ribs, limbs, pelvis, and vertebrae of 
branchiosaurs resemble those of urodeles so much that it seems 
highly probable that salamanders and also frogs arose from the 
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branchiosaurs. At least there is no group of fossil Amphibia 
which they resemble more fully. 

In the coal measure deposits there are found a variety of other 
small Amphibia which cannot be grouped with the Labyrintho- 
dontia. Some of these in the Linton formation, such as Colosteus 
and Stegops, may be considered aberrant branchiosaurs (Romer, 
1930). \ It is interesting that the latter should have “horns” 
projecting from the posterior angles of its skull. In frogs a 
similar horn development occurs in certain genera but here 
involving other bones. Stegops also ^xhibits dentigerous 
plates in the roof of the mouth underlying the eye sockets. 



Fig 5.— Reconstruction of the skull of Leplorophus tenet, a branchiosaur 
amphibian. .4 Dorsal surface. B. Palate view. D.S.O., derraosupraoccipital; 
F.P., postfrontal; /u., jugal; L., lacnmal; Mx., maxilla; Na., nasal; Pa., palatine; 
P.F., prefrontal; Pmx., premaxilla; P.O., postorbital; P.V.. prevomer; Proc.Pof. 
Processus p^atinus of maxilla; Psp., parasphenoid ; Pt., pterygoid; Q.J., quad- 

ratojugal; Qu., quadrate; Sq., squamosal; Tab., tabular. (A/ler Bxdman and 
WhiUaTd.) 

A similar development of crushing plates occurs in certain 
species of the salamander, Desmognathus. Other parallels 
may be drawn between vertebrae, limbs, and various other 
features of these Phyllospondyli with similar strictures in either 
frogs or salamanders. 

Lepospondyli. — In the same deposits as the Phyllospondyli 
and Labyrinthodontia there occurs a variety of other amphibian 
types which may be grouped together in another order, Lepos- 
pondyli, although they seem to have little in common. The 
vertebrae are usually formed of a single piece without sutures, 
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the centrum being hourglass shaped, and the ribs are generally 
intercentral in position/ There are, however, exceptions to 
both these rules. The Adelospondyli, considered by Watson 
(1926a) a distinct order, has the neural arch joined by suture 
with the centrum which is cyhndrical in shape and indented by a 
deep pit on either side. The transverse process is anterior in 
position and the rib is thus nearly intervertebral in position. 
The centrum is solid except for a small notochordal foramen 
and is not the thin shell found typically in branchiosaurs. The 
poup is represented in America by Cocytinus of the Pennsylvan- 
ian and Lysorophus of the Permo-Carboniferous. If this group 
arose from the Embolomeri it must have split off in Devonian 
times. The best-known genus is Lysorophus (Sollas, 1920). 
In many characters of the skull it resembles the caecilians closely. 
Limbs and a well-ossified branchial apparatus were present, 
however. Lysorophus has been described as a Permian ‘^uro- 
dele,’' but its principal urodele characters) other than those just 
mentioned, (are found also in caecilians. The structure of its 
vertebrae and skull excludes it from the order Caudata) 

Legless Amphibia were present in the Carboniferous but these 
resemble caecilians in neither skuU nor vertebrae.) These were 
the Aistopoda which may be considered a suborder of Lepo- 

spondyh. They differ from typical lepospondyls in their large 
transverse processes and distinctive ribs. J 

whJh hizarre groups of lepospondyls is the Nectridia 

wh ch specialized in the development of a “horn” on either angle 

the Pen^o C h “ America, Diplocaulus of 

SckLTpt n 7 ^ Colonial 

cocked hat. Diplocaulus, as shown by Douthitt (1917), retained 
varmus reptilian features such as a separate coracL and posTbly 

resemblin/th 7 P^^^tive Nectridia had a skull structure 
resembling the embolomerous plan and hence it seems probable 

h 7 time the Embolomeri were evolving 

dltsi rl, 7 '7 7® “ther into higher labyrintho- 

^rtehi ^"77'' 7 transverse processes are present on the 
r These n7? -h Nectridia, a parallel to the Phyllospondyli. 

^ Insil 7 in skull structure to be 

leoo nonl r 7 7^ Amphibia. ) While various 

ve7r the urodeles in the strlture of their 

the dlT! 7"^ Pr^"®" ‘Characters which exclude them from 
the direct line of ancestry. On the other hand, the caecilians. 
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which are more primitive than any other modern Amphibia in 
many details of their anatomy, may have directly evolved from 
lepospondyls. If this is true, caecilians had an independent 
line of evolution from Lower Carboniferous or Devonian times. 
The many differences between the structure of caecilians and 
that of other modern Amphibia would support such a view. 

Modem Amphibia. — The three orders of Amphibia living 
today may be distinguished at a glance from one another. The 
Salientia, or frogs and toads, have short, tailless bodies in adult 
life and long hind legs, the latter being effective organs for leap- 
ing. The Caudata, or salamanders and newts, retain the larval 
tail throughout life and have short legs of use in walking but not 
in rapid flight. The Gymnophiona, or caecilians, are wormlike, 
burrowing creatures of the tropics with a very short tail usually 
resembling the head in form and without any indication of limbs. 

All three orders differ radically from thecxtinctordersof Amphibia 
in having lost many skeletal elements.^ The suppression of 
bones in the orbital series makes possible a proportionately larger 
eye in modern forms. The loss of the dermal bones along the 
posterior margin of the skull gives them a more compact skull. 
Both temporal and back muscles tend to cover the otic region 
even in the most primitive of the modern Amphibia and the 
temporal bones of the extinct groups are either lost or greatly 
modified in modern forms. There are also marked differences 
in other parts of the skeleton; these will be considered in further 
detail below. (Modern Amphibia are frequently considered more 
primitive than reptiles which are supposed to form the next 
“higher” class of vertebrates, The primitive reptiles grade 
imperceptibly into the Embolomeri and many living reptiles 
retain primitive structures which have been lost in all modern 
Amphibii^ The reptile skull, with its more complete skull roof 
and its twelve cranial nerves, is more primitive than that of 
modern Amphibia. The shoulder girdle of many reptiles, 
especially that of lizards with a well-developed interclavicle, is 
more primitive than the girdle of modern Amphibia. The highly 
glandular skin, the development of cutaneous respiration, the 
loss of the external ear in many species represent deviations from 
the primitive conditions which were not shared by most reptiles 
Nevertheless, all reptiles have advanced beyond the first 
tetrapods in the direction of birds and mammals in their manner 
of protecting the eggs against desiccation and of embryonic 
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modifications for respiration and storing of waste products, 
the labyrinthodonts passed through an aquatic larval stage 
m the water as shown by the retention of the larval respiratory 
apparatus in certain forms such as Dwinasaurus. This indirect 
method of development was handed on to the branchiosaurs 
and to modern Amphibia. Reptiles, at a very early stage in 
eir evolution, succeeded m producing a leathery or calcareous 
cover to their egg. Further, the growing embryo forced into 
the large yolk produced a cover for itself, the amnion, by folding 
over the extra-embryonic tissue immediately surrounding it 

In m "gg succeeded 

producing a saehke diverticulum of the cloacal region the 

allantois, which served both for respiration and for storing 
lav eggrori” metabolism, v Although many modern Amphibia 

vo^ as th H "" 1 embryos are partially forced into the 

y k as they develop, no amphibian has succeeded in making 

these important changes in egg and growing embryo which were 

o important for the future evolution of land vertebrates An 

aquatic larval life is not characteristic of all Amphibia, but none 

amntoToi'XnTSr''’ “ 

Modern Amphibia are mostly small creatures TKp ^ t 

in tLnfngth , a.l.n..nder3 and frogs an, not over a toot 


/ 


References 


DouTHITT. H 1Q17* TUrv A 

Contrib. H^’atAier 4 Diplocaulus, 

of the origin of the 

N. Y. Acad. Sci., XXVI, 317-383 ^ 

«on; I, Pha!!n in' de^'^DiffereLremn^ der Tl 

Frage der Landtierwerdung, k. ^tt^SxTnT2ni 

“"Tor^’^ew YoT’ Foundations of Animal Behav- 

’ ‘'Eneyelopaedia Brittannica.” 14th ed.. I. 

W' M’ulTat. .f Ux; S:?. «“«• 


14 


THE BIOLOGY OF THE AMPHIBIA 


SOLLAS, W. J., 1920: On the structure of Lysorophus as exposed by serial 
sections, Phil. Trans. Roy. Soc. London, Ser. B, CCIX, 481-527. 

Watson, D. M. S., 1917: A sketch classification of the Pre-Jurassic tetrapod 
vertebrates, Proc. Zool. Soc. London, 1917, 167-186. 

, 1919: The structure, evolution and origin of the Amphibia — the 

‘‘orders” Rachitomi and Stereospondyli, Phil. Trans. Roy. Soc. London, 
Ser. B, 1920, CCIX, 1-73. 

, 1926: The evolution and origin of the Amphibia, Phil. Trans. 

Roy. Soc. London, Ser. B, CCXIV, 189-257. 

, 1926a: The Carboniferous Amphibia of Scotland, Palaeonlologica 

Hungarica, I, 221-252, 3 pis. 

WiLLisTON, S. W., 1925: “Osteology of the Reptiles,” Harvard Univ. Press, 
Cambridge. 

WiNTREBERT, P., 1922: L’Evolution de Tappareil pterygo-palatin chez 
les Salamandridae, Bull. Soc. Zool. France, XLVII, 208-215. 


CHAPTER II 

DEVELOPMENT AND HEREDITY 


V- - 


The egg of frog or salamander, when freshly laid, is a single 
ceU. If fertilized, it develops by a series of orderly changes 
into a complex organism, an adult amphibian. The processes of 
development and heredity are so closely interwoven that they are 
conveniently considered together. 

Development begins with the fertilization of the eggs or ova 
These are produced by the ovary and they have a long growth 
period before they are released from that organ The sper- 
matozoa are formed in the testes and represent single ceUs 
greatly elongated and modified for locomotion. The sper- 
matozoa of Sahentia exhibit a great variety of form according to 

fI singularly uniform 

L ft-? ■ O'- point of the urodele spermatozoon 

frequently bent like the barb on a fishhook. The head is 

knee-shaped and formed by the transformation of the nuclear 

Seethe nutr^ f T transformation tak" 

by half by a division which gives half the number of whole 

^^f lu*^^m^3s^)m^3^j —I * ” — ^ ^ 1 the whole number 

ceMZ rJ in half, as in ordinary 

formed from the 1 ^ spermatozoa are 

anfSvTri'?,'’' T °l oxternally 

OK. Th ° '’">‘>'“‘”8 “>0 fomale whea the 

|£ag a'ai" ‘hi 

I he ovoviviparous frogs of Africa -j P • 

ITL™ ” r f »tn.“Errrfe^fh“! 

characterizes the two most primitive families of urodeles 

15 ’ 
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Fig. 6. — Spermatozoa of various 
amphibians. A. Deamognathua phoca. 
B. Bombina hombina {after Retziua). C. 
Hyla arborea {after Retzixta), D. Crypto- 
branchua alleganienaia (after Smith). 
Cy.B.t cytoplasmic body. 


Hynobiidae and Crypto- 
branchidae, but all higher 
groups except the specialized 
Meantes possess a series of 
tubules in the roof of the 
female cloaca which retain, 
for varying periods, the sper- 
matozoa usually picked up en 
masse in the form of a sper- 
matophore (Fig. 7) by the 
female with her cloacal lips. 
These tubules known collec- 
tively as the “spermatheca'' 
are homologous with a smaller 
or greater part of the pelvic 
gland of the male (Noble and 
Pope, 1929). It has been 
assumed that the eggs are 
fertilized as they pass by the 
spermatheca, but there is 
evidence that in Salamandra 
at least, the spermatozoa 
migrate up the oviduct before 
the time of egg laying 
(Weber, 1922). 

The spermatozoa make 
their way through the gelat- 
inous capsules of the egg, 
aided by the swimming move- 
ments of their tails and 
apparently also by the diges- 
tive action they exert on the 
capsules (Wintrebert, 1929). 
In the case of the primitive 
frog, Discoglossus, the sper- 
matozoa, although more than 
2 mm. in length, are almost 
completely immobile (Hib- 
bard, 1928). Nevertheless, 
they are carried through a 
thickened portion of the egg 
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capsules overlying a depression in the surface of the egg 
by their digestive powers. Why the spermatozoa accumulate 
only in the region of this depression has not been determined. 
Miss Hibbard suggests that the nuclear fluids which collect 
at the bottom of the depression may exert a chemotactic effect 
on the sperm. In the common frog, Rana, although a much 
higher type than Discoglossus, there is less localization of the 
area of penetration. The first spermatozoon to reach the darker 
hemisphere of the egg sets up a fertilization reaction. After it 






Hi 

. .p\ c ?• 


salamanders. A. TrUuru^ viride.cens 
bUlineata. ' /“««« (a/<er Noble and Weber) . C. Eurycea 


which l^'tter forms a fertilization membrane 

several Z ? " spermatozoa. In Caudata 

several spermatozoa normaUy enter the egg but only one sperm 

beforrs*'"™^'?* '^*^ nucleus, the others degenerating 

xTrelulari^er T ^‘thout causing 

in Trono I ? development leading to death, stands roughly 

ZSZT"" Wermy obtains among 

is SnsWe Cryptobranchus, in which the mass of yolk 

IS considerable. It seems to be a device for large eggs, insuring 

Fertilizl«or™ ^1^ enter at a point near the egg nucleus, 

of the bloc? T A ) processes: activation or the removal 
?uclts nf and syngamy or the union of the 

proceL mav he "^A ^'a spermatozoon. The first 

process may be mduced artificiaUy in frogs by pricking the egg 
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with a needle (Bataillon, 1910). The second process makes 
possible the transmission of hereditary factors received from the 
male and may be considered in more detail. 

Eggs extracted from the ovaries of the frog before they have 
escaped into the body cavity cannot be fertilized. This seems 
due to the failure of such eggs to maturate. In this process two 
successive divisions of the egg result in the throwing off near 
the animal pole of two minute bodies which are actual daughter 
cells although very small and difficult to see. One of these 
divisions results in relegating to the small functionless daughter 
cells half of the chromosomes. Hence the egg nucleus at the 



A B 



Fio. 8. — Stages in the spermatogenesis of Rana temporaria. A. Metaphase of 
a Bpermatogonial division showing the 26 chromosomes characteristic of this 
species. B. Second maturation division showing the x and y chromosomes 
(in outline) between the autosomes. C. Immature spermatozoon. {After 
Witschi.) 

moment of fertilization has only half the chromosome number 
found in the body cells (Fig. 8). The union with the male nucleus 
(which by a similar pair of divisions has reduced its chromosome 
number by half) results in the restoration of the original somatic 
number of chromosomes. This number is constant for the 
species, ranging from 32 for Alytes to 12 for Pelodytes. Several 
frogs and salamanders have a somatic number of 24. In Rana 
pipienSf R, palustris, and R, sylvaiica there are 26 chromosomes; 
in several species of Bufo only 22 (Stohler, 1928). 

The spermatozoon brings to the egg little besides this nuclear 
matter. The acrosome or point (Fig. 6) is formed by the trans- 
formation of certain cytoplasmic materials, the product of the 
Golgi bodies, and may possibly represent a secretory granule 
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which sets off the fertilization reaction (Bowen, 1924) or at least 
digests the egg capsules. The middle piece, or neck, is derived 
from other cytoplasmic material and carries one or two bodies, 
the centrioles, one of which forms a center of cell division 
after the sperm enters the egg. In urodeles the neck is 
better marked than in Salientia and formed of only a single 
centriole. The tail, which is long and vibratory, is left outside 
when the spermatozoon enters the egg. There is at present no 
definite evidence that any of these cytoplasmic materials play 
any part in heredity. The hereditary factors of the male parent 
are brought in by the sperm nucleus while those of the female 
are located in the nucleus of the egg. It is known from the com- 
bined researches of genetics and cytology that the chromosomes 
the most conspicuous part of the nuclei, are the bearers of genes, 
the determiners of heritable characters. The genes lie in a 
linear order along the chromosomes. Their ultimate nature is 
still unknown but they have been compared with protein bodies 
and have been assumed to release enzymes which take part 
m the catalytic reactions in the cytoplasm of the cell. 

The chroinosome complex is handed on by ceU division to all 
the cells of th^e body. Since the cells of the skin have the same 

(except in certain unusual cases) as 
the fertilized egg, the question arises : What has determined that 

y wi become skin instead of remaining germ cells'^ What 
m brief, produces differentiation? ’ 

tiorwhTch'rf fertilization, has a certain organiza- 
tion which affects the pattern of differentiation It Ls an 

r'DigTenr Th^’ externally by the distribution of 

o? the e^flti T “"“brane, facilitating the rotation 

lx s of tZ Z '*^i^,^P»=«basal axis becomes the longitudinal 

rment of fert?';- established at the 

Iscent ST ZT; bfl-terality, and as this 

inSed PriieH t dorsoventral axis is 

relation to thA • + have gray crescents without 

rel.t.on to the point of pricking (Herl.nt, 1911). Hence egg. 




Fio. 9. — The development of Necturus maculoaus. A. Side view of egg 1 
day and 8 hours after deposition, showing second and third cleavage grooves. 
B. Bottom view of egg 6 days and 16 hours old. The crescentic blastopore lip 
sharply separates the large-yolk cells from the small cells of the blastodisc. C. 
Bottom view of egg 10 days and 10 hours old, showing large circular 
blastopore. D. Top view of egg 14 days and 4 hours old. Blastopore smaller. 
The beginning of neural fold formation, especially anteriorly. E. Top view of 
egg 15 days and 15 hours old. Yolk plug still visible. Neural fold prominent. 
Its free ends reach nearly to the blastopore. F. Top view of egg 18 days and 15 
hours old with three or four pairs of myotomes visible. G. Dorsolateral view of 
embryo 22 days and 17 hours old; length 8 mm.; 16 to 18 myotomes. H. Side 
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probably have an initial bilaterality of their own which is over- 
ridden by the stimulus introduced by the spermatozoon. 

Cleavage.— The fertilized egg divides into many cells (Fig. 9) 
As the egg increases only slightly in size during the period of 
cleavage, the nuclear material is brought into close relationship 
with sinaller units of cytoplasm. At every division nuclear 
material is liberated into the cytoplasm; enzymes or other 
substances released by the genes are thus brought in close associa- 
tion with the cytoplasm. The cleavage pattern has little phylo- 
genetic significance. All amphibian eggs are comparatively 
soft and cleavage is total. If the yolk of the frog’s egg is packed 
down by centrifuging, cleavage may be partial as in higher 
vertebrates without detriment to the embryo (Hertwig, 1899). 
he eggs of Amphibia vary enormously in the amount of yolk 
hey contain and there is considerable evidence that the simplified 
c eavage pattern found in the common frog has been secondarily 
imposed by a reduction in the amount of yolk in the egg. The 
c eavage of Hemidactylium is more diagrammatic than that of 

m specialized type, its eggs contain 

ess yolk (Humphrey, 1928). A cleavage which is diagrammatic 
IS not necessarily primitive in any vertebrate. Cleavage is a 
period of rearrangement of nuclear material in relation to the 

embrvo ries ^ permanent effect on the 

wTth 11 in the formation of a hollow sphere 

is freoTTenUne V blastocoel 

merelv a sld h large-yolked species may be 

r a L 1 « underlying yolk. 

before ^eSr TF differentiation occurs 

Of Te If .t); ‘f; 

19oT) n tte (Moszkowski 

newts which havf^ K ^ visible in the European 

associates. During dLlage^^th?^ Spemann and his 

sphere of the ese divide ^ ^ ® pigmented hemi- 

~ ^ egg divide more rapidly t han the heavily yolk- 

“"d mou^th myotomes; eye. ear, nasal 

length 16 mm.; 36 to 38 myotomes J 

J- -- -- ot lar/a 0. ^rys 
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laden cells of the opposite pole. A continuation of this process 
causes the cells of the first region to tend to grow over those of 
the second. The gray crescent region takes the lead in cell 
proliferation and becomes the dorsal lip of the blastopore, growing 
as a crescentic fold over a section approximately 100 degrees of 
the egg. The slitlike cavity between lip and infolded yolk 
cells represents the archenteron, or rudiment of the gut. This 
eventually either opens at its anterior end into the blastocoel 
or obliterates it by crowding. Since the overgrowth of the cells 
of the dorsal hemisphere extends completely around the egg, the 
blastopore becomes a gradually diminishing circular fold engulfing 



Fig. 10 . Blastopore of a salamander and caecilian compared. In salamanders 
and most frogs the overgrowth of cells of the dorsal hemisphere during gastrula- 
tion extends completely around the egg; in caecilians the blastodisc or overgrowth 
forms a circular blastopore while the yolk hemisphere is still uncovered. A. 
Late blastopore of Cryptobranchus {after Smith). B and C. Two stages in the 
formation of the blastopore of Ichthyophis {after the Saraaina), B.D., blastodisc; 
B.P., blastopore; N.PL, neural plate. 

the more slowly dividing yolk cells. In some plethodontid 
salamanders, the circle remains incomplete ventrally and the 
blastopore takes the form of an inverted crescent (Humphrey, 
1928). The embryo-forming materials of the gray crescent 
are at first broadly distributed as a ring or crescent about the 
circumference of the egg. They are brought together not only 
by overgrowth during gastrulation but also by concrescence 
of the two halves of the gray crescent in the midline. Hence 
the point of concrescence, namely the dorsal lip of the blastopore, 
comes to have a more important role in organ formation than 
the ventral lip. 

In frogs and salamanders the whole of the yolk hemisphere is 
covered over as the blastopore closes, but it is a very interesting 
fact that in the caecilians, which seem to have descended inde- 
pendently from primitive tetrapods, the blastopore becomes 
circular while the yolk hemisphere is still largely uncovered 
(Fig. 10). In this way the blastopore becomes surrounded by 
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blastodisc while the latter still remains on the upper surface of a 
partly divided egg. This is a very important step in the direc- 
tion of reptilian development. If the developing embryo should 
sink into this blastodisc until the surrounding tissue folded over 
it as an amnion, if cleavage were further delayed in the yolk 
hemisphere, and if, as development proceeded, the urinary 
bladder were converted into a large respiratory membrane, the 
allantois, the gap between amphibian and reptihan types of 
development would be bridged. The earliest Amphibia, as 
revealed by their fossil skeletons, were hardly separable from 
the earliest reptiles. It seems likely that their mode of develop- 
ment resembled that of the caecilians, many of which today lay 
their eggs on land. In any case, the result of gastrulation is 
the development of a double-layered sac out of a single-layered 

hollow sphere, and this event is of great significance in the origin 
of structures. 

Larvae.— The frog embryo, as it develops within the egg capsule, 
shows various conformations which can be identified as the anlage 
of organs. The head end exhibits two swellings which may be 
recognized as eyes. Between them, and sometimes extending 
posteriorly in the midfine, is a more densely pigmented stripe. 
This is the site of the unicellular hatching glands (Chap. VI) 
which are destined to free the larvae of both frogs and salamanders 
from their egg capsules. A conspicuous pit in the developing 
head of the frog embryo may be recognized as the mouth. At 
this early stage the deepest part of the pit in some species of 
^na IS formed by the hypophysial ingrowth of the pituitary 
(Chap. XIII). The position of the future external nares is 
indicated by a pair of depressions, above and usually lateral 
to the mouth. Below the mouth a pair of pigmented eminences, 
or frequently a V-shaped furrow, is the first indication of the 
growing adhesive organs (Fig. 11). At the time of hatching 
these structures form a pair of adhesive organs of value in per- 
mitting the larva to hold to its egg capsule, or other objects, 
in most salamander larvae these adhesive organs find their 
nomolo^ in a pair of glandular stalks, the balancers, which 
project from near the angle of the mouth and have the same func- 

lon as the adhesive organs of tadpoles. These structures are 
lurther discussed in the following chapter. 

eminences a series of three 
lour ridges indicates the developing branchial arches of both 
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frog and salamander larvae. The external branchiae early 
begin to sprout on these arches as a number of small buds. With 
development a fold appears anterior to the first of these gills. 
In the frog tadpole this is destined to grow back over the external 
gills and form an opercular sac which remains in communication 
with the exterior by one or two small openings, the spiracles. 
An opercular fold is represented in salamander larvae but it 





Fio. 11. The head structures of the early larva of a toad, Gastrophryne 
carolinensis. The adhesive organs function at the time of hatching to hold the 
tadpole to objects in the water. The oro-nasal groove forms the beginning of the 

nasal chamber. Ad.Org., adhesive organ; N.Pil., nasal pit; O.N.Gr., oro-nasal 
groove; St., stomodaeum. 


never completely covers the branchial arches until the time of 
metamorphosis. 

The chief difference between the larvae of frogs and sala- 
manders lies in the mouth region. In most frog tadpoles, lips 
are formed and these acquire a series of horny teeth arranged 
in rows above and below a pair of strong mandibles. These 
nippers are supported internally by a pair of cartilages, called 
“superior” and “inferior labial cartilages.” The former, which 
articulate with cartilaginous processes of the brain case, are 
destined to form the premaxillaries of the adult; the latter, 
the mento-Meckelian bones. The inferior labial cartilages are 
supported by a pair of short cartilages, the very rudimentary 
Meckelian, or lower jaw cartilages. Most remarkable is the 
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forward extension of the palatoquadrate cartilage of each 
side to give support to these Meckelian cartilages. In sala- 
manders, horny teeth or typical mandibles never appear, and 
the jaws which are well provided with true teeth are long' from 
the first stages of development. This apparently enormous 
difference in the structure of the mouths of tadpole and sala- 
mander is bridged over by various intermediate types. As stated 
below (page 52), some salamanders have horny plates on their 

jaws, and many frog tadpoles, as, for example, most Brevicipi- 
tidae, lack horny teeth. 

Some of the developing internal organs are indicated on the 
outer surface of the embryos or larvae of frogs and salamanders. 
Of these, the most conspicuous is the pronephros. The develop- 
mental history of these structures is given in the following chap- 
ters, and only the external changes of development need be 
indicated here. The adhesive organs and balancers are lost at 
about the time the larvae begin to feed. The gills elongate 
and in salamanders assume a form more or less characteristic 
of the species. In frogs the extent of the operculum and the 
position of its spiracle differ with the species. The vent, which 
becomes perforated at this time, may lie on the side of the tail 
fin or ventral to it, and this position is again a character of sys- 
tematic importance. The intestine in most frog tadpoles becomes 
very long and coiled like a watch spring. As discussed in a 
following chapter, this is an adaptation to the vegetarian diet 
of most tadpoles and is not characteristic of all species. In 
frog tadpoles the forelimbs develop within the opercular sac 
and do not appear until the time of metamorphosis. The hind 
imbs of both frog and salamander continue their growth during 
larval life. The lungs are present in the larvae of most frogs 
and salamanders and function both as hydrostatic and respiratory 
structures. At the end of larval fife the frog tadpoles lose their 
larval teeth, tail, and gills. The eyes develop lids, and many 
pronounced changes of skull and viscera occur. Metamorphosis 
n salamander larvae is less revolutionary, for a broad mouth and 

i present. Nevertheless, many changes 

i- respiratory system. These changes 

ar^iscussed m detail below (Chaps. VI, VII, and X). 

Mechanics of Development.— The tissues which take part 

«n!i various structures of Amphibia are being 

yze experimentally by an increasingly large number of 
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investigators. Some of their more general conclusions may be 
considered here, for they have an important bearing on the causes 
of the diversity of structure distinguishing species. At the close 
of gastrulation the potencies for organ formation are segregated 
in various parts of the embryo, although there may be no external 
evidence of this mosaic formation of qualitatively unlike regions. 
Little or no regulation can occur if one of these regions is removed. 
Thus, if an area destined to produce a forelimb is dissected 
away from an Ambystoma embryo at the time of the appearance 

remain permanently limbless 
(Harrison, 1915), In con- 
sidering the origin of struc- 
ture one must examine first 
the origin of potencies. 

At the very beginning of 
gastrulation the embryo of 
the newt is not a mosaic 
of potential parts. If a piece 
of ectoderm which would be- 
come neural plate is trans- 
planted into the place which 
would become gills, it develops 
into gills, A little later in 
gastrulation the same opera- 
tion will produce no change, 
for the presumptive neural 
plate tissue remains neural 
plate. If the exchange is 
made at the beginning of 
gastrulation between the em- 
bryos of two species of newts 
readily distinguished by their color, the tissue which would 
have become neural plate is molded into gill tissue as before, 
but the tissue resembles that of the donor species in color and 
character. During gastrulation, transplanted tissue may be 
molded by the host embryo (Figs. 12, 13) but this tissue does 
not lose its specific identity (Spemann, 1928). 

What is the nature of this molding influence? Spemann 
and his associates have shown that it emanates from the turned-in 
dorsal lip of the blastopore, the gray crescent region of the frog's 
egg. Geinitz (1925) transplanted a piece of this potential 


of the tail bud, the region will 



A B 


Fig. 12. — The effect of an organizer. 
A. Neurula of the newt, Triturus taeni- 
cUus, with a secondary medullary plate 
(the narrow white band) induced by a 
transplanted organizer from another 
species of newt, T.cristatus. B. 
Embryo of T.taeniatus seen from the 
left side. The secondary embryonic 
growth consists of neural tube and 
some associated structures. {Both after 
Spemann.) 
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chorda-mesoderm into the archenteron of a European newt 
and found that it induced the overlying ectoderm to form a 
neural plate. Since the secondarily induced embryo need not 
have the same orientation as the primary one, the organizer has a 
longitudinal axis of its own. Further, it has some laterality, 
for if dorsal lip tissue from one side is replaced by tissue from the 
opposite side of another egg, two similar half embryos tend to 
develop from the egg. Nevertheless, the molding influence, or 



J t'h Section of an egg of the newt. T. taenialus, in which a piece of dorsal 

- "ube!"u/"; 


“organizer,” as it is called, is nothing specific. Geinitz (1925) 
showed that gray crescent material from a frog, Bombina could 
induce a secondary embryo in a newt. The organiser “1^ 0 
be something retained in the tissues for a considerable W 

neuraf tube ^ gastrula induces another 

bpemann (1927) have shown that brain tissue from a free-swim- 
mg tadpole can induce the formation of a medullary plate 

nature. Nevertheless, the organizer seems to require contact 
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Amphibia, each evagination which becomes the optic cup of that 
side induces a lens to form in the overlying ectoderm; foreign 
ectoderm transplanted over the cup is similarly modified. Dur- 
ing gastrulation in the urodele, but apparently earlier in some 
species of frog (Brachet, 1927), but not in others (Schott6, 1930), 
the potencies for many structures are localized in the ectoderm! 
Areas which are to give rise to gills, balancer, nose, ear, hypophy- 
sis, etc., are segregated according to a pattern which seems con- 
trolled in the first place by the direction of growth of the dorsal 
hp tissue. These ectodermal potencies greatly affect adjacent 
tissues. Thus Harrison (1925) has shown that if ectoderm from 
the region of the mandibular arch of Amhy stoma maculatum 

embryos is transplanted to 
other parts of the body just 
before the appearance of the 
balancer, it will give rise to 
this structure in these regions 
(Fig. 14). The ectoderm takes 
the lead in balancer formation 
and seems to condense the 



Fia. 14. — The influence of the ecto- 
derm in balancer formation in Ambys- 
toma. A supernumerary balancer 
developed from ectoderm transplanted 
from another individual shortly before 
the normal appearance of its balancer. 

B, balancer of host; B\, balancer devel- 
oped from grafted ectoderm- IT 

e> ccnjutriii, -- — u, V Mc ui 

lateral line sense organs appearing in the Pn7vmp a j i 

grafted ectoderm. {After HaTrison.) Zyme action. As dcvclop- 

ment continues the balancer 
attracts a twig from the mandibular branch of the fifth nerve If 

the balancer rudiment is transplanted to a posterior position it 

may attract a twig from a more posterior nerve or even from 
Similar nerves m a frog tadpole. 


underlying intercellular ground 
substance into a fibrillar mem- 
brane which gives support to 
the ectoderm. Harrison sug- 
gests that this modifying in- 
fluence may be a type of 


Epigenesis. Many other striking cases of the effect of one 
tissue on the growth of another tissue have been demonstrated by 
expenmental embryologists. The parts of a structure may 
effect one another during growth, while together they may mold 
adjacent tissues or be influenced by nutritional or hormonal 
conditions of the body. F or example, the two common sala- 
manders A mftystomu maculatum and A. tigrinum grow at different 
rates and the latter reaches a much larger size than the former, 
if the eye of A. tigrinum is transplanted during an embryonic 
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stage to* the embryo of A. maculatunij it will continue to grow 
in this new environment at its own specific rate and will reach 
the same large size as the eye which was not transplanted 
(Harrison, 1929). Three or four months after the operation, the 
transplanted A. tigrinum eye/is approximately double the size 
of the A. maculatum eye of the host and demonstrates in a con- 
vincing manner that even such matters as size may be deter- 
mined by factors within the tissues of an organ. If the grafted 
eye should be taken from an older animal, its growth is at first 
retarded (Twitty, 1930). This is apparently due to the fact that 
the body of the host had not yet developed to the point where it 
could release the growth mechanism of the grafted eye. Even 
though the potential size of the eye is determined by intrinsic 
factors of the eye tissue, the realization of this potentiality 
depends upon certain changing conditions of development in the 
body of the host (Twitty, 1930). 

If the lens ectoderm alone is transplanted from Ambystoma 
tigrinum to A. maculatum embryos, a lens is produced which is at 
first too large for the eye (Harrison, 1929). The growth of this 
lens is retarded but it in turn stimulates the bulb to more rapid 
growth so that it becomes 30 per cent larger in diameter than the 
bulb of the control. The bulb may also have an effect upon the 
lens, for if the lens ectoderm of A. maculatum is transplanted to 
A. tigrinum, the lens which was at first too small for the bulb 
retards the growth of the latter while its own growth is accel- 
erated. The size of the trabecula which forms the lateral wall of 
the brain case in the orbital region is influenced by the size of the 
adjacent eye. If the eye of A. tigrinum is transplanted into the 
site of an maculatum eye, the trabecula on this side shows a 

marked enlargement throughout most of its length (Twitty, 
1920 ) . 

The skeleton is of importance in phylogenetic studies, chiefly 
because it is usually the only part of extinct species which is 
preserved in the fossil and therefore serves as the only basis of 
comparison with living forms. The close correlation between 
the skeleton and adjacent tissues is not a chance relation. The 
eye as shown in the above experiments, controls the size of the 
trabecula. The auditory vesicle migrating from the overlying 
ectoderm induces the development of a cartilaginous capsule 
about Itself even when transplanted to the region of the eye 
(Luther, 1925). The cartilaginous nasal capsules of Ambystoma 
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were shown by Burr (1916) to be dependent on the nasal sacs 
for their conformation. In brief, the skull is not merely molded 
by the paired sense organs; parts of it are unable to develop a 
normal form unless the sense organs are present. 

Cartilage usually arises in the mesench 3 Tne by a condensation 
and transformation of this mesodermic tissue. But the tissue 
which produces the branchial arches of both urodeles and frogs 
migrates for the most part from a portion of the neural crest. 
The removal of this portion of the ectoderm or mesectoderm in 
the branchial region results in marked deficiencies in the hyo- 
branchial apparatus in urodeles (Stone, 1926). A similar opera- 
tion in frog embryos has demonstrated that the mesectoderm 
gives rise to Meckel’s cartilage, the palatoquadrate, the supra- 
and infrarostral cartilages, the anterior portions of the trabeculae, 
and the hyobranchial skeleton exclusive of the basihyal and 
second basibranchial (Stone, 1929). 



♦ 7 the mechanism of metamorphosis in Rana vipiens. His- 

tolysis of the operculum by the degenerating gills. The forelimb was removed at 
an earlier stage. P., perforation; T., histolysized area. {After Hdff.) 

Secondary organizers are not confined to the ectoderm but are 
located in various parts of the body. The potencies for limb 
formation with the resulting cartilage and bone development are 
first localized in the mesoderm and these influence the overlying 
epidermis. The potencies for gill formation occur in the ento- 
derm but they can act only on a limited portion of the ecto- and 
mesoderm (Severinghaus, 1930), This influence of one tissue 
upon another is not restricted to the earlier stages of develop- 
ment. The frog tadpole during metamorphosis does not thrust 
its forefeet through the overlying membranes by sheer force. 
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Helff (1926) has shown that the atrophying gills produce a sub- 
stance which digests two neat holes in the confining cover (Fig. 1 5) . 
Further, the metamorphosing tadpole owes the formation of its 
eardrums to the influence of the annular cartilages which come to 
underly the integument of the ear region. Foreign integument 



Fig. 16. — The effect of the annular tympanic cartilage on the formation of 
the tympanic membrane. Skin transplanted from the back to the tympanic 
region develops a tympanic membrane by the influence of the underlying tym- 
panic cartilage. Skin from the tympanic region transplanted to the back fails to 
develop a tympanum. B.G.. back-skin graft; T.G., skin graft from tympanic 
membrane region transplanted to the back; T.M., tympanic membrane. {After 
Helff, O. M., Studies on Amphibian Metamorphosis, Physiol. ZooL, Vol. I No. 4 
adapted from Plate W ,Yi^. \Z.) 


transplanted over an annulus is molded (Fig. 16) into a tympanum 
(Helff, 1928). 

Basis of Homology. — The induction of structures by organizers 
of various grades is probably due to chemical substances, and 
these may have different positions in such related types as the 
frog and the newt. In Rana the roof of the archenteron persists 
as the dorsal lining of the alimentary tract, a median strip of 
topmost cells becomes the notochord, and the dorsal mesoderm 
splits off from the roof on either side of this. In the newt the 
whole roof of the archenteron in the midline becomes converted 
into notochord, and the gut is completed dorsally by the ingrowth 
of yolk cells from the side. Undoubtedly homologous structures 
such as the gut of the frog and the newt may thus differ consider- 
ably m their manner of origin. The organ-inducing materials are 
most probably homologous but their center of activity has been 
shifted. Similar changes of position of organ-forming substances 

embryo may have been responsible for 
the different final positions of various parts such as the limbs 
in frogs and urodeles. The somites which form these struct- 
ures in the two types may be those nearer or farther from the 
head, but the hind limbs of the first are nevertheless homologous 

with those of the second in spite of these different muscle-segment 
origins. 
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At an early stage of development the potencies for organ for- 
mation may extend beyond the region which eventually gives 
rise to a structure. This manifests itself in the tendency for 
transplanted tissue to form more than it would in the course of 
normal ontogeny. Thus, Adelmann (1929) found that a small 
median piece of neural plate, removed from a newt or Ambystoma 
embryo and transplanted into the body wall of another one, gave 
rise to a single eye in addition to dorsal parts of the brain, while 
the donor, nevertheless, possessed eyes and brain of normal 
proportion. Hence, the anterior end of the neural plate of these 
salamander embryos possesses generalized eye-forming potencies, 
any portion of which is capable of forming an eye. A median 
piece of the neural plate removed from its normal environment 
and thereby released from the influences of surrounding parts 
differentiates into an eye, although in the normal course of ontog- 
eny this tissue would have had a different fate. 

The organ-forming substances may produce their effects at 
different times in different Amphibia. In the eggs of some frogs 
the potencies are apparently localized earlier than in the newts 
(Brachet, 1927), and this may be one of the reasons why the 
mesoblastic pouches, obviously primitive structures, still appear 
in the development of some urodeles but not in pouch form in the 
frogs. On the other hand, two such closely related frogs as 
Raim fusca and R. esculenta may differ considerably in the local- 
ization of potencies. The first requires the presence of the optic 
cup to induce lens formation, while in the second species the lens 
is self-differentiating. There is some evidence that even in the 


newt a certain amount of self-differentiation occurs in the neural 
plate independent of the inturned dorsal lip (Lehmann, 1926), and 
a sharp line cannot always be drawn between dependent and self- 
differentiating development. In fact, some tissues may be under 
some circumstances dependent and under others independent. 
This principle of double assurance (Spemann, 1928) is probably 
widespread in early stages of development. 

Development of Limbs. — Further, there must be considered 
the phenomenon that one axis of a structure may become fixed 
before another. Thus, in the early limb buds of Ambystoma, the 
dorsoventral axis can be inverted and yet the palm, as it develops, 
will appear face downward, for the dorsoventral axis is not 
estabUshed at this stage. The anteroposterior axis, however, is 
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fixed at the same stage and an inversion of the bud brings the 
first digit, when it appears, in the position of the last (Harrison, 
1921). This polarization of the anteroposterior axis resides in 
the limb mesoderm and not in the surrounding tissue. Detwiler 
(1929) showed that when the mesoderm of a forelimb of Amby- 
stoma was inverted and grafted into slightly older embryos, a 
hmb with reversed asymmetry differentiated. 

The determination of the anteroposterior axis of the limbs is 
made long before they appear as rudiments (Detwiler, 1929). 
The anterior extremities develop much later in Ambijstoma tigri- 
num than in A. maculatum; nevertheless the dorsoventral axis 
of these limbs is determined at about the same time in the two 
species (Ruud, 1926). Brandt (1927) finds that the fixation of the 
hmb axes of Pleurodeles, a primitive salamandrid, occurs at 
approximately the same time as in Ambystoma. This is of 
interest, for in Triturus, a more specialized salamandrid, this 
fixation of limb axes occurs at an earlier stage of development. 
The same is true of the shoulder girdle, its axes being determined 
earlier in Triturus than in Ambystoma (Brandt, 1927). The 
shoulder girdle and limb, in spite of their close functional correla- 
tion, are determined independently, the latter at an earlier 
stage of development than the former (Swett, 1928). It would 
seem from these few cases that determination occurred earlier 
in the more specialized species and that it was not correlated with 

the time of appearance of the limbs, or with the period of girdle 
determination. 

The limb as it develops is subject to influences which may 
modify it considerably. Schmalhausen (1925) showed that 
malnutrition or abnormally high temperatures retarded the 
development of the postaxial portions of the limbs of the axolotl. 
In some cases a fusion of the tarsal or carpal bones may occur as a 
result, either the tibiale with the mediale I, or the intermedium 
wth centrale, or certain tarsalia with one another or with the 
fibulare. This was apparently due to the fact that growth and 
morphogenesis were retarded more than histogenesis in these 
regions. These observations invite a comparison with limb 
development in salamanders which normally differentiate rapidly 
Md at a smaU size. In many of these, such as Manculus and 

H^idactylium, it is the postaxial part of the feet which has 
suffered the greatest reduction. 
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Influence of Function.— Many structures, after they have 

appeared as rudiments, are dependent on function for their 

complete elaboration. If the legs of a tadpole are early removed, 

the hind brain will remain stunted (Diirken, 1912); if the eyes are 

removed, the optic lobes of the brain become reduced (Steinitz, 

1906). Constitutional growth factors of heart, gills, and 

apparently of pronephros are readily modified if such organs are 

transplanted to parts of the body where they may grow but 

are unable, because of conditions there, to reahze their normal 
functions. 

The influence of function is especially well marked in the 

development of the nervous system. Excitations received from 

the sense organs have an important influence on the growth of 

the nerve centers in the central nervous system during each 

ontogeny. In the cord, moreover, there is a proliferation and 

arrangement of cells in response to the growth of descending 

fiber tracts. Such a growth makes possible the individuation 

of reflexes out of the primary behavior pattern. When function 

IS lost in the forelimb of Ambystoma, the cellular areas within 

the branchial segments may be reduced to 60 per cent of the 

normal (Nicholas, 1929), and this reduction is apparently due 

to the fadure of cell proliferation in the absence of descending 
fiber connections. 

The need of the functional stimulus of light for the retention 
of a well-developed retina is discussed below in the case of the 
Cave Salamander, Typhlotriton. There is no sharp separation 
of the period when function wiO exert its effect from that when 
chemodifferentiation prevails. Thus, the extent of muscular 
development m the tail of tadpoles is apparently correlated with 
the amount of exercise they receive, but the color change of the 
tad skin which occurs at metamorphosis is inherent in the skin 
and not produced by the degenerating tissue below. Tail skin 
transplanted to the back undergoes the usual color change at 

nervous system is not 
indispensable for the development of limbs nor for the histo- 
logical differentiation of its tissues (Mangold, 1929). A nerve- 
less limb does not reach the size of a normal one and here lack of 
function would seem to be exerting an influence. 

During development there arises a series of organs which release 
secretions having an effect not merely on adjacent tissues as in 
the case of organizers but frequently on many parts of the body. 
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These are the glands of internal secretion such as the pituitary 
and the thyroid. We shall consider them in greater detail in 
another chapter, although some have an important influence on 
development. 

From this outline of the mechanics of development it is clear 
that any one of many alterations of development might account 
for the differences between two species. The integument of the 
head of a frog might be able to produce a tympanum but if — due 
to some modification of development — the tympanic annulus 
were held at a distance from the integument, no tympanum 
would develop. Brachet (1927) concluded from his experiments 
with Rana fusca that the amount of gray crescent material 
present in the egg at the time of fertilization determined the size 
attained by the adult frog. It may be inferred from the work 
of Uhlenhuth (1920) on salamanders that the amount of hormone 
released by the anterior lobe of the pituitary of the growing 
individual has an important effect on size. Burns and Burns 
(1929), however, united embryos of Ambystoma tigrinum with 
A. maculatum in pairs and noted that the larvae as they developed 
retained their specific growth rates and grew to the size character- 
istic of their own species. Thus, capacity for growth would 
seem to be inherent in the tissues of a species, although the 
addition or removal of some endocrine substances from the body 
may influence the result (see Chap. XVIII). No doubt the 
reduction or loss of some chemodifferentiators in the early 
embryo is the immediate cause for the failure of certain structures 
to appear. Thus, Harrison showed that ectoderm from the 
balancer region of the early embryo Ambystoma tigrinum, which 
usually lacks a balancer, if transplanted on the head of A. 
maculatum, fails to induce a balancer in this species which 
normally possesses one. There is something missing in the 
ectoderm of the mandibular arch ectoderm of A. tigrinum 
which is present in that of A. maculatum. 

Although lack of function or of certain chemodifferentiators 
at critical stages of development may be the immediate cause of 
differences existing between two species, these embryonic condi- 
tions are in turn determined by the specificity of the germ plasm 
Itself, which is provided by the chromosomes with their equip- 
ment of genes. Every ceU of the embryo’s body has the same 
implement of chromosomes as the fertilized egg. Develop- 
ental changes are due to a progressive change in the cytoplasm, 
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and this change is produced presumably by the chromosomes in 
the first place, since these alone are known to be the bearers 
of hereditary characters. The establishment of the center of 
rapid cell division in the gray crescent and the development of 
gradients of cell activity from this center give the necessary 
conditions for localizing potencies in different parts of the embryo 
along these gradients. Once “the embryo in the rough” is 
established, however, development is not merely an unfolding 
of these potencies, for the tissues containing the potencies react 
on one another and are modified by function and by environ- 
mental influences. Every animal possesses more potentialities 
than are ever realized; the conditions of development, and 

especially the environment, determine what characters will 
appear. 

Regeneration— Larval salamanders frequently snap off each 
others’ legs or gills if they are crowded together in dishes. Some 
terrestrial salamanders, especially plethodontids, will leave part 
of their tail in the hand which attempts to seize them. The 
autotomy of the tail resembles that of many lizards, although it 
IS not so spontaneous as in the geckonids, and the split occurs 
^tween the vertebrae instead of along an intravertebral split. 
Nevertheless, the tail of some plethodontids seems modified in 
anticipation of its being lost, for a constriction occurs around its 
base at the point where the tail readily breaks off. The lost 
parts of both young and old are regenerated. The phenomenon 
of regeneration seems to be a highly adaptive mechanism in 
these aquatic larvae and terrc.strial plethodontids, permitting 
these forms to succeed under difficult conditions of livelihood. 
Ability to regenerate is, however, not closely correlated with 
la 11 y o injuty in Amphibia. Newts may regenerate their 
(Bogoljubsky, 1924) and frogs their lungs (Wcstphal, 

may regenerate, while 

e expose s o axolotls may not attain on regeneration the 

form of the original structures (Wurmbach, 1926). Natural 

selection has played only a minor part in the distribution of the 

capacity to regenerate. The latter is a common faculty of the 

tissues of animals but one which has been reduced during phy- 
logeny (Korschelt, 1927). 

The power of regeneration diminishes with increasing organ- 
ization usually during both ontogeny and phylogeny. Adult 
newts can regenerate new limbs but do this more slowly than 
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larvae of the same species. In reptiles and especially in higher 
vertebrates the capacity to regenerate is greatly restricted. The 
Salientia on the other hand, which are more primitive than 
salamanders in many features of their skeleton, show only slight 
regenerative ability during adult life. Alytes can restore extremi- 
ties if they are cut off just before metamorphosis, but even this 
capacity is lost in the more advanced Salientia. Metamorphosed 
frogs, however, have been reported to regenerate single digits 
and partial limbs. 

Relation of Regeneration to Development. — The tissues which 
take part in regeneration may be derived from already dif- 
ferentiated cells, but more usually undifferentiated cells are 
marshaled together to form the new structures. The regenera- 
tion of the lens illustrates well the first kind of regeneration. 
Although the lens is formed originally from ectoderm under the 
influence of the optic cup, it may regenerate from the iris in 
both frogs and salamanders. The iris cells undergo a loss of 
pigmentation, dedifferentiate, and develop a new type of structure 
to form a lens. In the more usual type of regeneration, connec- 
tive tissues form a mass below the surface of the wound and 
begin to grow and differentiate in the manner of embryonic 
tissues. Regeneration may be described as the induced develop- 
ment of undifferentiated tissues. 

The close relation of regeneration to development is well 
shown in the recent work which has been done on the growth of 
limbs in Amphibia (see reviews by Mangold, 1929; Korschelt, 
1927; and Przibram, 1927). When the limb of a salamander 
larva is cut off, the new limb bones develop not from the bone 
rudiments in the stump but from the blastema growing over the 
stump (Weiss, 1922), A boneless forelimb transplanted to the 
back of a salamander will regenerate its proper bones (Bischler, 
1926). A complete foot can develop from a cross-section of 
only half an extremity. There is no part-for-part influence 
even when regenerating bones and bone stumps lie adjacent to 
one another (Weiss, 1925). The blastema lying above the 
wound contains the determinants of the complete part within 
itself. Weiss (1926) removed the skin from a limb stump and 
covered it with lung tissue to prevent necrosis. The stump 
regenerated skin as well as skeleton and musculature. Sections 
revealed that the skin of the regenerated limb had no corium 
in the part covered by the lung. Hence the corium of the 
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regenerated limb skin had apparently been derived, like the 
skeleton, from the blastema of the stump. 

Extremities have been induced to develop on the side of the 
body at a distance from the original limbs by introducing 
into the side portions of the otic capsules or pieces of celloidin 
(Balinsky, 1926, 1927; Filatow, 1927). In these cases it would 
seem that material from the normal extremity, either anterior 
or posterior to the wound, had been attracted to the new wound 
surface. These undifferentiated cells of the extremities in the 
new locality become organizers of the surrounding material to 
form a limb. G. Hertwig (1927) transplanted the limb buds of 
haploid newt larvae on diploid individuals of the same species. 
The haploid material partially degenerated through lack of 
vitality and was replaced by diploid host cells. The diploid 
tissue was thus organized by haploid limb rudiments. The 
organizing center would seem to lie in the mesoderm and not in 
the ectoderm as would appear to be the case of the balancer, 
since covering of a limb rudiment by foreign ectoderm does 
not prevent the development of mesoderm into extremities 
(Detwiler, 1922; Ekman, 1922). 

With the development of the limb rudiment, functional adjust- 
ments between the parts take place. Although an extremity can 
develop without a girdle (Brandt, 1926), or two girdles may be 
present with one limb, secondary adjustments take place which 
may be correlated with function during development. Brandt 
(1927) showed that one girdle possessing two extremities will 
develop two glenoid cavities or one wide one for the two heads 
of the humeri. Swett (1926) found that the glenoid fossa did 
not develop at all when the extremity was absent. Although 
the nerves are not necessary for the early growth of the limbs, 
they appear necessary for the full elaboration of these structures. 
If the nerves are prevented from growing into the limb bud, the 
latter differentiates normally, but the resulting limb is 10 per 
cent shorter and 50 per cent narrower than normal limbs. The 
atrophy is most marked during the functional stage. Hence, 
function has an important influence on the quantity of tissue 
and on the maintenance of its form. 

When a limb regenerates from the base of another one and 
forms a duplication, the secondary limb is usually a mirror image 
of the primary limb. This has been explained by assuming that 
every extremity anlage has the potentiality of forming two mirror 
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image extremities, but normally one of these is inhibited by the 
growth of the other. Triplicate formation of limbs may be 
experimentally produced, however, making further assumptions 
necessary. A simpler explanation assumes that the anterior- 
posterior axis of the secondary limb rudiment is influenced 
by the primary limb and develops as a mirror image of it. The 
dorsoventral axis is determined by the factors at the base of the 
growing limb. Since the anteroposterior axis of the limbs, 
whether primaiy or secondary, is generally determined in 
Amphibia much earUer than the dorsoventral, a reversal of the 
lateral quality is induced by the inversion of the antero- 
posterior axes of the secondary buds (Swett, 1927), The deter- 
mination of the axes in regenerating limbs would, according to 
this explanation, follow the same course as in normal develop- 
ment, with an interval between the determination of each of the 
axes. The effect of injuries which produce duplications consists 
in the weakening of the dominance in the limb center so that one 
or, rarely, more peripheral regions of the rudiment become 
independent and sprout as additional limbs. 

Regenerative Capacity. — The regenerative capacity is greater 
in the tail than in the extremities and greater in the posterior 
than in the anterior limbs (Ubisch, 1923). This may be due 
to the fact that the posterior regions are growing more actively 
than the anterior. The foot of the toad loses its power of 
regeneration at a stage before it is completely differentiated, 
while the newt, as stated above, conserves the power of regenera- 
tion its entire life. It has been suggested that the salamander 
limb may contain more undifferentiated cells than the developing 
limb of the toad, but there is little histological evidence in 
favor of such an assumption. The factors which have brought 
about the restriction of the regenerative capacity in some 
groups of Amphibia but not in others are still unknown. Many 
factors influence the rate of regeneration. If the wound surface 
is sewed together or its healing hastened, regeneration may 
be prevented or delayed in salamanders (Schaxel, 1921). Swim- 
ming movements not only hasten the regeneration of the 
tail but may actually prevent its growth in an oblique direction 
(Harms, 1910). If function has such a marked effect on the 
regeneration of the tail, it probably has an equal effect on its 
normal p-owth. Hormones which influence growth affect 
regeneration. Thyroidectomy retards the regeneration of the 
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hind limbs of salamanders (Walter, 1911), while hypophysectomy 

prevents the regeneration of limbs and tail in the adults (Schott4, 

1926). Since large losses up to a certain limit are repaired more 

rapidly than small ones, there is apparently an increase in 

the energy of regeneration with increase in the size of the 
wound. 

The regenerative repair of injuries may lead to many kinds 
of growths in Amphibia. Salamanders may develop forked 
tails, extra digits, or complete supernumerary limbs. The 
healing of wounds represents a type of regeneration. After 
blood clotting, the epithelial cells of the edges of the wound 
grow out over the exposed surface. If a young Necturus is 
beheaded, the wound heals and the body may continue to grow 
and differentiate for two months (Eycleshyiner, 1914). Struc- 
tures which regenerate show no decrease in the rate of regenera- 
tion after successive removals (Zeleny, 1916). 

Regeneration is a type of developmental regulation which 
results in the replacement of parts normally lying peripherally 
to the cut surface. In adult Amphibia the body is a mosaic of 
regenerative territories, having different morphological potential- 
ities. The complete extirpation of one of these regions prevents 
its regeneration. Transplanting it to some other part of the body 
does not destroy its specificity (Guy4not and Ponse, 1930). 

There are other types of regulation which may be confused 
with regeneration. If a limb bud is split in the growing larva it 
will develop into two limbs. The latter phenomenon is com- 
parable to the twinning produced by restricting the fertilized 
egg of the newt in the midline during the two cell stage. 

Hybridization. Hybrids between different species, genera, 
and even families of Amphibia, have been reported, but such 
individuals rarely grow to maturity and in many cases may be 
false hybrids resulting from the activation of the egg by the sperm 
without the transmission of the paternal characters. The 
European newts have been the most extensively hybridized. 

A large percentage of the species have been successfully crossed 
by Wolterstorff, Schreitmuller, Poll, and others (Schreitraiiller, 
1912). In some cases species which have never been known to 
cross in nature produced true hybrids in the laboratory tanks 
(Schreitmuller, 1913). Newts carry the spermatozoa for long 
periods in the spermatheca of the female and possibly also in 
the oviduct where fertilization occurs. Hence, the identifies- 
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tion of the young as the offspring of any particular male becomes 
often difficult. In some cases hybrids may be recognized by 
the appearance of specific characters of the male in the offspring. 
True hybrids with characters of the male species have been 
produced various times among European newts, perhaps most 
recently by Bataillon (1927). There seems to be no doubt that 
very distinct species of Triturus are able to hybridize. 

European Sahentia have frequently been crossed. As long 
ago as 1883, H6ron Royer described hybrids of the interfamily 
cross Rana fusca X Pelobates fuscus as exhibiting characters of 
both parents. Crosses between different species of Discoglossus 
and between species of Bufo gave hybrids with some male char- 
acters (H4ron-Royer, 1891). The hybridization of various 
European Salientia and newts had recently been carefully 
studied by Hertwig (1918), who finds that true hybrids result 
from crossing a number of different species. Among the frogs 
studied, only Rana arvalis 9 X fusca ^ and Bufo communis 
9 X B. mridis 'b developed into healthy adult hybrids. Crosses 
between Bufo and Rana gave, in some cases, true hybrids which, 
however, developed poorly. Usually the intergeneric and most 
interfamily crosses, if successful, developed into false hybrids, 
the male nucleus not entering into the cross. This was shown in 
hybrids of Ru/oco7nmwms 9 X Pelobates fusca ^ where the nuclei 
of the body cells were only half the size of those of normal toads 
and hence were presumably haploid. In other cases, however, 
they were of the normal size and presumably diploid. Similar 
full-sized nuclei may appear in the progeny produced by irradiated 
sperm. As previous experiments had shown such sperm not to 
be functional, the diploid number of chromosomes had apparently 
been restored by a doubling of the maternal set of chromosomes. 
A similar restoration of the diploid number may occur in eggs 
developing parthenogenetically after pricking with a needle 
(Parmenter, 1920). From the work of Hertwig (1918) it would 
seem that most cases of intergeneric crosses were cases of activa- 
tion by the spermatozoa without union of the hereditary material. 
Apparently, the nuclear material of widely separated species is 
incompatible and unable to enter into the formation of a zygote. 
This makes it especially important that the few reported cases 
of true intergeneric crosses should be confirmed. In no such case 

was an anatomical study made to determine how the generic 
characters combined. 
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Hybrid Salientia frequently develop slowly and often die at 
gastrulation when growth takes place at the expense of the 
yolk. Apparently the sperm nucleus in the foreign egg is unable 
to utilize the foreign yolk. Cell size varies with the species and 
the difference may be considerable in such closely related species 
as Bufo vulgaris and B. viridis. Hertwig (1930) suggests that 
the quantity of nuclear material available is a factor regulating 
the rate of yolk elaboration. If the nuclei transmit specific 
developmental potencies quantitatively proportional to their 
volume, one of the chief reasons for the failure of hybrids 
to develop may lie in this quantitative difference be- 
tween available nuclear material and amount of yolk to be 
elaborated. 

The study of hybridization has an important bearing on the 
origin of species. The hybrid between the European newts 
Triturus cristatus and T. marmoratus was described as a distinct 
species, T. blasii. Rollinat showed that hybrids were fertile 
inter se and with the parent stock (Boulenger, 1898). T. blasii 
occurs in France where the ranges of the two parent forms overlap. 
It is not considered a distinct species by some systematists. 
As discussed in another chapter, the criteria of a species are 
frequently difficult to define. 

Frogs and toads combining the characters of two very distinct 
species are sometimes found in regions where the ranges of these 
forms overlap. These have sometimes been considered hybrids. 
Examples may be found among the African tree frogs which have 
been called Leptopelis tessmanni (Noble, 1924) and among the 
African toads described by Power (1926). In none of these cases 

have breeding experiments confirmed the hybrid character of 
these individuals. 

Although experimental evidence is lacking, it seems certain 
that hybridization often occurs in nature where the ranges of 
two closely related subspecies overlap. Museums contain many 
specimens which cannot be more definitely assigned to one 
species than to the other. Crossing makes possible the recom- 
bination of characters and if the environment permits such 
hybrids to isolate themselves until a stock is well started, a new 
form may arise. This subject will be discussed more fully 
below. Aside from theory, the material available in museums 
suggests that hybridization of subspecies is a far more frequent 
phenomenon in nature than the crossing of species. 
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CHAPTER III 


THE MODE OF LIFE HISTORY 

Many Amphibia do not lay their eggs in water as in the case 
of Rana and Ambystoma but deposit them on land and some- 
times even in nests constructed by one or both parents. The 
eggs and larvae which develop in these situations are often 
modified in adaptation to their surroundings. It has recently 
been recognized that these modifications have usually evolved 
slowly and the various steps by which extreme stages have been 
reached may often be still found in related species. The mode 
of life history and the modifications of eggs and larvae thus 
often give clear evidence as to the aflUnities of a species. 

Cryptobranchidae.— The American giant salamander, Crypto- 
hranchus alleganiensis, lays its eggs in two long chains (Smith, 
1912). Fertilization is external and the larvae which escape 
from the egg capsules are short limbed with no dorsal fin on the 
body and no balancers such as occur in Ambystoma. Have these 
characters any phylogenetic significance? Cryptobranchus, as 
far as known, has exactly the same life history as Megalo- 
batrachus, the giant salamander of Japan and China. These 
two genera belong to the same family and hence only one type 
of life history is found throughout this family. The Crypto- 
branchidae, moreover, have been derived from the Hynobiidae 
and may be considered merely permanent or partly meta- 
morphosed hynobiid larvae of large size. The hynobiids are 
the only other salamanders (except the Sirenidae) which practice 
external fertilization. All of the genera lay their eggs in two 
sacs and, although these are not so elongate as the egg chains of 
Cryptobranchus, and consequently have thicker walls, they 
have much in common. Hynobius, the least specialized genus 
of the family, lays some 35 to 70 eggs, 2.5 to 3.2 mm. in diameter, 
within each egg sac. The younger larvae, as far as known, are 
aU Ambystoma-like, with dorsal fins, balancers, and long external 
gills. The eggs are laid in ponds, temporary pools, springs, or 
even slow-moving streams. Within the family there are two 
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genera which live in or near mountain brooks. The egg sacs 
of one of these, Ranodon, are fastened to the under sides of flat 
stones, beneath which water flows. The eggs are larger than 
those of Hynobius and fewer in number. The larvae hatch in 
a more mature condition, and their digits are shorter than in 
that genus. Apparently the dorsal fin is also reduced (Schmal- 
ausen, 1917). In Onychodactylus there is no dorsal fin and 
the digits are not only short but are equipped wth horny claws 
urther, tfieir external gills are comparatively short It is 
of fertT the Cryptobranchidae have received their method 

fL Cov H “ of their egg capsules from 

the family Hynobiidae as a whole, while their short giUs, reduced 
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It is difficult to tell a priori which character will prove the most 
conservative in evolution, but in general the more specialized a 
structural modification may be the greater is the probability 
that it will be modified only gradually during evolution. 

In all the higher salamanders except the Sirenidae, fertilization 
is internal Very little is known about the breeding habits of 
Siren and Pseudobranchus, except that the eggs of both are 
large, pigmented, and laid singly or in small groups. The lar- 
vae of both, soon after hatching, have elongate bodies approach- 
ing the form of the adult. This in itself would suggest that the 
Sirenidae is an isolated group. The larvae of both genera, as 
they mature, have the ability of reducing their gills to mere 
stumps if respiratory conditions in the aquatic medium are not 
suitable to them. This is not a metamorphosis but merely a 
temporary loss of the gills. The larvae never undergo a com- 
plete metamorphosis although, as discussed under the heading 
of this subject (page 103), they normally transform certain 
structures, especially the integument in Siren. 

Proteidae. — The Proteidae, which includes the well-known 
genus Necturus, are also somewhat isolated structurally from 
other salamanders and, like the Sirenidae, never complete their 
metamorphosis. The two genera Necturus and Proteus of 
this family agree in laying their eggs singly in the water, attached 
to the under surface of rocks, boards, or other objects in still 
water; but they have also been recorded in streams. Since the 
habit of selecting the under surface of rocks is common to 
mountain-brook salamanders of two other families, it is possible 
that the Proteidae may have arisen in mountain brooks. In 
fact, Proteus in its subterranean habitat must be subject to a 
current for a considerable part of its life. Further, the eggs 
of both genera are large and the larvae are devoid of dorsal fins 
and have short limbs. These mountain-brook characters, if 
such they be, are common to other larvae living in a similar 
habitat and hence give no clue as to the ancestors of these genera. 
In this case we do not have extreme larval modifications pointing 
the way to relationships, but as both genera of the family have 
the same mode of life history in spite of the fact that the adults 
occupy totally different regions, we have further evidence of 
the stability of breeding habits in phylogeny. 

Proteus, under certain conditions, does not lay eggs but retains 
them in its oviducts where one or two may undergo their develop- 
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ment, finally to be born as salamanders resembling their parents 
in most particulars. No especial modifications of either the 

inThe m H are known to occur to permit this change 

n the mode of hfe history. The phenomenon is very similar to 

the case of some species of lizards, such as certain horned toads 

which may either lay eggs or give birth to their young alive 

The phenomenon IS, however, very rare in the salamanders and 
very much in need of further study. 

Ambystomdae.— The best-known genus of American sala- 
mander IS Ambystoma. Most of the common eastern species 
r^ulatum, tigrinum, and jeffersonianum, lay their eggs fn the 

^ aparu/a lays them in the fall on land 

the hatch on 

nave aU the larval characters of the other species of the genus 
These are the broad body and tail fins, the balancers (rarely 

racr* ’ elongate gills, each provided with a central 
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triton and Dicamptodon are more closely allied to one another 
than they are to Ambystoma, and their larval characters tend to 
confirm this relationship. 

Ambystoma has one larval character which is found elsewhere 
among salamanders only in the hynobiid Onychodactylus. 
Anterior to the teeth on the lower jaw, there is found a horny 
beak very similar to the larval mandible of frog tadpoles. This 
beak has been described only in the axolotl and in one species of 
Onychodactylus, but it is so distinctive a structure that probably 
it will be found in other species of these families. The Sirenidae, 
which may possibly have had hynobiid ancestors (Noble, 1929), 
have developed horny sheets on both jaws. Since no other 
salamanders have horny jaws, we may consider this character 
as evidence that the forms are related. 

Salamandridae, — The Salamandridae seem to have evolved 
from some prehynobiid stock, for the most primitive genera 
differ markedly from Hynobius in structure. These primitive 
genera, Tylototriton, Pleurodeles and some species of Triturus, 
lay their eggs in loose chains or short bunches very similar to 
the eggs of Ambystoma tigrinum. The larvae which emerge 
from them have the dorsal fins, broad tail, and long gill character- 
istics of Ambystoma. The other newts were apparently derived 
from this primitive stock which seems to have been widespread 
in both Asia and Europe. The pond species lay their eggs 
singly, attached to water weed. This habit of laying single 
eggs appears as a variation in Triturus torosus and Ambystoma 
tigrinum. Differences occur in the various species. The 
American newt, T. viridescensj lays small eggs, approximately 
1.5 mm. in greatest diameter and spherical in shape. Each is 
enclosed in a more or less oval mass of jelly which during the 
later period of development is well separated from the egg by a 
fluid, oddly enough of a greenish color. The American newt is 
also distinctive in that the female usually wraps a leaf about the 
single eggs which further protects them. Although all the more 
specialized pond newts lay single eggs, there are various specific 
differences in the form of the egg capsule, shape of the egg, and 
method of oviposition. 

The mountain newts of Europe are sometimes referred to a dis- 
tinct genus, Euproctus. The eggs are slightly larger than those 
of most pond newts, averaging approximately 2.5 mm. in diameter 
without the egg capsule in the case of E. asper. The eggs are 
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character of pond larvae, in S. atra. Hence, certain larval 
characters in Salamandra indicate that these species are closely 
related, the method of carrying their eggs until the young are 
well advanced further supporting this conclusion. The dif- 
ferences between the early embryos are brought about by dif- 
ferences in amount of yolk. When the Amphibia are considered 
as a whole, many other instances may be found where yolk size 
has changed apparently suddenly in phylogeny. For example, 
in the Marsupial Frogs, Gastrotheca, the species carry their eggs 




B 


Fio. 18. — A. Section through the wall of the oviduct of a gravid Salamandra 
salamandra showing proximity of capillaries to lumen of the duct. B. Larva 
removed from oviduct of a gravid female. Cap., capillary. 

in sacs on the back of the female, and the larvae as they develop 
have extraordinary bell-shaped gills. If the eggs are small-yolked, 
the embryos soon assume the characters of tadpoles; while if 
considerable yolk is present, they develop directly into froglets. 
In either case both the character of the gills and the method of 
carrying the eggs are evidence that the species are related. 
Further, when the phylogeny of the group is considered, it is 
found that the ancestral forms, which are grouped in the genus 
Cryptobatrachus, all have large-yolked eggs. Hence, in this 
case it would seem certain that the small-yolked eggs were derived 
from the large-yolked ones. Similarly, there is considerable 
evidence that the high mountain Salamandra atra, with its small 
eggs, has evolved from the large-egged S. Salamandra of the low 

altitudes. 
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Amphiumidae— In making comparisons of life histories there 
is always the danger that the likenesses are due to superficial 
resemblances. For example, the large American salamander, 
Amphiuma, lays its eggs on land and the female curls about them 
This method is essentially Hke that of the Dusky Salamander 
Desmogrmihus fuscus, although the detailed character of the eggs 
IS different. The eggs of Amphiuma are laid in long rosaries, 
while in a branched clump in Desmognathus. Amphiuma has 
been derived from Salamandridae, while the Plethodontidae, 
which include Desmognathus, arose from the same stock. The 
mode of life history in many cases does not establish but merely 
suggests where the relationships actually are to be found. The 
anatomy of the adults must be considered in reaching a final 
conclusion. The allantoic placenta is characteristic of the 
placental mammals, but it occurs again in certain skinks but 
not m all lizards. In any case the more specialized the modifica- 
tion the better is the chance of its being the same in related 
groups. 


Plethodontidae. — The Plethodontidae, which embrace the 
majority of North American salamanders, afford an excellent 
illustration of the close correlation of change in life history with 
change in phylogeny. The family evolved from the Salaman- 
dridae, and some of the primitive genera of both lay their eggs 
under stones in running streams. Each plethodontid egg is com- 
paratively large, unpigmented, and attached separately by a 
gelatinous stalk. The eggs are usually crowded together on the 
under side of a single stone, and in some cases, at least, the female 
parent remains near them. Apparently some of the primitive 
plethodontids have departed somewhat from this method 
Dynnophilus and Eurycea, as well as Pseudotriton ruber, retain 
this primitive mode of egg laying inherited from mountain-brook 
salamandnds. P. montanus, according to Brimley (1923), lays 
Its eggs singly or in small groups on dead leaves in the outlets of 
springs. This species, unlike its relative P. ruber, is partial to 
muddy springs, and hence a breeding site like that selected by 
the stream forms might not be available to it in this habitat. 

befnrTiK concerning the breeding of P. montanus 

be ore the degree of divergence in the mode of life history may be 

relatively large pigmentless eggs, attached by short stalks to the 
under sides of leaves in flowing spring water. 
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The commonest plethodontid salamander in eastern United 
States is Desmognathus, the Dusky Salamander. This genus is 
particularly interesting because within it there is found a gradual 
evolution of the mode of egg laying from the ancestral condition, 
where eggs are laid under stones in the water, to a terrestrial 
condition. Although all adults live both in and out of water, the 
progressive change in the mode of egg laying closely follows the 
phylogeny of the group. The most primitive species is D. 
quadra-maculatus, a large and powerful species of the southern 
Appalachians. D. phoca, which is rather more advanced in 
structure, lays its eggs in a similar manner but apparently always 
deposits out of water. The common Dusky Salamander, Z). 
fuscus, which is still more specialized, lays its eggs in one or two 
grapelike clusters in small excavations in the soft earth, beneath 
stones or logs. The excavation is generally one or two feet from 
the water. This is an advance over the primitive methods of the 
larger species of the genus, not only in the form of the egg capsules 
but also in the life history of the young. The recently hatched 
individuals remain for 15 or 16 days on land, or at least with their 
heads out of the water. These terrestrial young show various 
adaptations to their habitat. The posterior limbs are longer in 
proportion to the trunk region than during any other period in 
later development. The tail lacks a fin. In brief, the young 
Dusky Salamander, during the first two weeks of its life, is not 
merely a little larva which chances to be hatched at a distance 
from its aquatic habitat, but it is a terrestrial salamander fully 
able to move about in the damp cracks and crannies leading from 
the nest to the nearest pool. In the most terrestrial form of the 
genus, namely D. fuscus carolinensisj the breeding site and appar- 
ently the mode of life history remain the same. This illustrates 
the general rule that salamanders do not lay their eggs wherever 
they happen to be but that during the breeding season they move 
into environments which are most suitable to the egg-laying 
requirements. Further, the mode of life history gradually 
changes in phylogeny and this change, while moving toward 
terrestrialism, does not progress so fast as the change in habitat 
preference exhibited by the adults. 

In spite of this rapid change in breeding-site preference and 
of adaptive changes in the young, certain larval characters appear 
which stamp the group as related. The young of Desmognathus 
fuscuSf after its sojourn between land and water, finally takes up a 
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of life history found in Plethodon. Differences appear in the 
form of the gills and, as discussed in Chap. VIII, may be correlated 
with the increased efficiency of the blood of Batrachoseps 
as a carrier of oxygen. It is perhaps not surprising that Batra- 
choseps has very small external gills while Aneides has them not 
only elongated but fused at the base to large leafiike structures. 
Incidentally, Aneides aeneus, which in the character of its skull 
is the most primitive member of the genus, has its gill form inter- 
mediate between that of Plethodon and Aneides lugnbris. 
Other differences appear in the form of the egg capsules: while 
the eggs of both Plethodon and Batrachoseps are attached to 
one another and each egg surrounded by three capsules, those of 
Aneides are separate and attached by a single twisted peduncle 
to the roof of the nest chamber. In Ensatina, another derived 
genus, the eggs are stuck together and only one egg capsule has 
been recorded. Hence, while differences exist in both the char- 
acter of the egg capsule and the gills of the young, all the species 
agree in laying their eggs on land, there to develop directly into 
salamanders without going through an aquatic period. This 
mode of life history is not merely a consequence of the terrestrial 
habit of the adults; other terrestrial salamanders, such as 
Amhystoma opacum, have a very different life history. 

Not all the derivatives of Plethodon have retained this 
mode of life history. The four-toed salamander, Hemidactyl- 
ium, seems structurally very closely allied to Plethodon but 
is obviously a derived and not an ancestral form, because it 
has only four toes on its rear feet and a double constriction 
around the base of the tail. Both of these characters represent an 
advance over the conditions in Plethodon. Hemidactylium 
lays its eggs on land near sphagnaceous or at least wooded ponds. 
The female twists her body around and attaches the eggs to 
strands of moss lying over her head. This habit is found m 
Plethodon but also in Eurycea which lays its eggs on the under 
side of stones. The eggs are more numerous than with Plethodon 
and the larvae which hatch out make their way into the adjacent 
water. The eggs without their capsules are from 2.5 to 3 mm. 
(Bishop, 1919), while those of Plethodon cinereus vary from 3.5 
to 4.5 mm. in diameter. The yolk is very early absorbed by the 
larva of Hemidactylium which develops a low dorsal fin approach- 
ing that of many other pond salamanders in form (Fig. 1"^ 
but not found elsewhere in the Plethodontidae. The larva does 
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not hoy ver, develop the balancer or elongate digits of primitive 
pond salamanders and hence is merely a *^plethodontid larva” 
wth a low dorsal fin. It has been suggested that the life history 
of Hemidactyhum may be explained by assuming that Plethodon 
ys originally aquatic or at least laid its eggs in the manner of 
Eurycea and that the life history of Hemidactylium is a retention 
of this primitive condition. It seems more likely, however, after 
a consideration of the yolk reduction of Salamandra aim and some 



Fiq. 19. The larva of Hemidactylium scutalum. 


Marsupial Frogs, that the aquatic period in the life of Hemi- 
dactylium is a derived condition induced by tlie reduction and 
early absorption of the yolk in the embryos. 

The European cave salamander Hydromantes shows in its 
osteology an affinity both to Eurycea and to Plethodon. It 
retains the eggs in the oviduct and gives birth to fully transformed 
yoyg. The same habit is found in the neotropical salamander 
Uedipus structurally allied to Hydromantes. This would seem 
to afford evidence that these genera are closely related. Many 
tropical frogs pass their whole lives on land. There are oppor- 
tunities for laying their eggs in water but the dominant groups 
are those which have given up this primitive habit. Similarly 
Oedipus, which has freed itself from the necessity of returning 
to water during the breeding season, represents a highly successful 
stock. From the data available, it cannot be determined whether 
Oedipus evolved from Plethodon or from Eurycea. At least we 

may conclude that the ovoviviparity of Hydromantes and Oedipus 

turther evidence of the close affinity of these two genera 

eenerp f are far more 
thZ histories are less known than 

mode nf ®till, there is abundant evidence that their 

and th "hanged gradually in phylogeny 

commnf r ®P""‘^hzed method of caring for the young may be 

genera related species and even to several allied 

ra. The recognition of this fact has helped greatly in 
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elucidating the relationships of various genera. For example 



c 


Fio. 20. — The evolution of the dorsal 
brood pouch of the Hylidae. A. 
GaslTotheca marsupicUa, the purse-like 
brood pouch cut open on the side to 
show the eggs within. B. Gaslrotheca 
pygmaea, female with the eggs removed 
from the widely open brood pouch. C. 
Cryptobalrachus evansi, female with eggs. 


Protopipa and Pipa are the 
only frogs which carry their 
eggs in individual dermal 
chambers on the back of the 
female parent and are un- 
doubtedly closely allied. 
Similarly, Phyllobates and 
Dendrobates, which until 
recently were placed in 
separate families, are the 
only genera which transport 
their tadpoles on the back 
of the male parent to 
streams where they com- 
plete their metamorphosis. 
The South American tree 
frogs, Cryptobatrachus, 
Hemiphractus, Gastrotheca, 
and Amphignathodon, have 
been variously relegated by 
herpetologists. Since they 
are the only frogs which 
carry their eggs in a single 
mass on their backs (Fig. 
20), whether or not this 
mass is exposed or covered 
by a fold of skin forming a 
veritable sac, it appears 
probable that they are 
closely allied. This conclu- 
sion is supported by the fact 
that all the larvae have 
distinctive bell-shaped gills 
(Fig, 21 B~C). Many other 
frogs lay their eggs out of 
water and yet the larvae of 
none of them have bell- 
shaped gills. 

Many frogs and toads 


lay their eggs in the water and the polliwogs which emerge 
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may have distinctive characters of value to the systematist 
in defining relationships. Some tadpoles may have narrow 






respiratory organa of some neotropical frogs A Elew- 
D. C- Gastrotheca marsupiata. 


tail fes which permit them merely to wriggle along over 
e bottom of the pond. Others may have broad fins and 
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wen developed lungs, the latter functioning primarily as 

hydrostatic organs. Such tadpoles, as for example those of 

Hyla versicolor, are usually graceful swimmers. The characters 

which these tadpoles exhibit are of importance in defining the 

species A synopsis of the tadpoles of the United States has been 

/ Wright (1929), those of California by Storer (1925). 

he tadpoles of many exotic species have also been described 

(see bibliography in Noble, 1927). In the present summary 

reference may be made to only the more extreme modifications! 

epecially to those which have been employed as indicators 
oi the course of phylogeny. 


Brevicipitidae.— The narrow-mouth toads, the Brevicipitidae 

include the most specialized of all the Salientia. Some are 
narrow-snouted, burrowing types and others are broad-headed 
arboreal species. Nevertheless, all of their larvae, whether they 
are hatched in the open ponds of our western prairies or between 
the leaves of banana plants in the mountains of East Africa 
have the same distinctive characters (Fig. 22C). The only 
exceptions are found among those forms which lay large-yolked 
eggs hatching directly into frogs and among certain South African 
brevicipitids which may possibly have evolved separately from 
some ranid stock. This characteristic brevicipitid tadpole is 
devoid of the usual horny teeth of the Rana polliwogs. It 
lacks the suprarostral cartilage which supports the upper jaw 
of most tadpoles, and the lower lip carries a series of folds which 
in some species may be protruded considerably beyond the mouth 

1 ®' . , external nares do not break through until late 

in larval life; the spiracle is median, unlike that of all other tad- 
poles of the more advanced families of Salientia, with a single 
possible exception. Apparently the toes as they develop are 
always webbed, although this webbing may be entirely lost at 
metamorphosis. The eggs, when laid free in ponds, are usually 
equipped with a ridge on the outer capsule and the egg itself 
lies eccentrically in the upper half of the egg capsule. Such 
eggs have been described for Gastrophryne of America, Kalo- 
phrynus of the Philippines, and Kaloula of Asia. Hence, it is 
possible that they will be found throughout other genera of the 

family which lay floating eggs, although they have not been 
recorded elsewhere. 


Various brevicipitids produce large eggs which develop directly 
into frogs without passing through the tadpole stage. These 
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are deposited on land, although there is one record of such eggs 
being laid in water. This case was probably due to a flooding 
of a stream near which the eggs had been laid. There are several 
records of large-yolked eggs being able to develop in the water 
after the egg capsules have been removed, but no attempt to 
raise such eggs without removing these egg capsules has been 
successful. Apparently these large eggs which go through a 
rapid development require much more oxygen than they can 
obtain in the water while enclosed by the egg capsules. How 
greatly these large-yolked eggs of the brevicipitids differ from 
similar eggs of other families is not entirely clear, for only a few 
forms have been described in detail. Differences exist; for 
example, the mucilaginous cord of Alantophryne is not found 
in the bufonid Kleutherodactylus which also hatches fully formed 
from the egg. 

The Brevicipitidae have evolved from Ranidae and possibly 
represent a polyphyletic assemblage, for the South African 
genera, Hemisus, Cacosternum, and Anhydrophryne lack the 
distinctive tadpoles of other Brevicipitidae. In the case of the 
two latter genera it was possible to trace in their anatomy their 
origin from the ranids in South Africa (Noble, 1926), but in the 
case of Hemisus, the relationships are less clear. Hemisus is 
one of the most characteristic burrowing toads of Africa. The 
eggs are laid in burrows (Wager, 1929) and the tadpoles which 
eventually escape into the water have peculiar sensory filaments 
attached to the lower lip (Bles, 1907). 

Ranidae. — The Ranidae represent a large, cosmopolitan family 
of frogs. Their tadpoles exhibit various modifications, some 
of the more peculiar being common to natural groups of species. 
For example, the tadpoles of all species of Staurois are char- 
acterized by an adhesive disc on the ventral surface behind the 
mouth (Fig. 23). This permits the tadpoles to hold tightly to 
rocks in the mountain torrents of southeastern Asia. The disc 
was evolved out of the musculature and the abdominal integu- 
ment of Rana tadpoles but few intermediate stages in the genesis 
of the structure exist today (Noble, 1929 a). A second ranid 
modification is found in the Philippine Cornufer. C. guentheri lays 
large eggs which hatch directly into froglets. These are provided 
with a series of pronounced folds along each side of the body. 

A similar modification is found in the young Discodeles opisthodon 
which also hatches fully formed. In the latter species the folds 
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were described as respiratory structures but histological examina- 
tion has shown that they are merely folds of the body wall pro- 
duced by the rapid absorption of the yolk. This, apparently 
18 a vep^ trivial feature in the organization of these young frogs’ 
nevertheless, it occurs only in these closely related species. 
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rows. Where the latter are increased in number, as in Rana 
boylii boylii of the western United States and in various Indian 
species of Rana, this cannot be taken as evidence of relationship 
between the forms but merely of parallel evolution. In many 
other groups of frogs, as, for example, in the hylas of Haiti or of 
Central America, closely related species may show marked differ- 
ences in the size of the mouth and in the number of tooth rows. 
Such differences are usually correlated with the rapidity of the 
current in which the tadpoles live, the species with larger mouths 
and most teeth occurring in the swiftest water. There is, how- 
ever, an individual and an age variation in the number of rows 
which may make the identification of forms difficult (Scott- 
Biraben and Fernandez-Marcinowski, 1921). 

One or two oriental species of Rana and another from South 
Africa (Rose, 1929) have been reported to lay their eggs out of 
water on leaves or stones or in the mud, but these egg masses 
are unmodified and the larvae which escape soon make their way 
into the water. The habit of laying eggs out of water is found, 
however, in other ranids, as, for example, in one South African 
species of Phrynobatrachus. Since other species of the genus 
lay floating eggs. Wager (1930) considered this habit evidence 
for retaining the species in a separate genus Natalobatrachus. 
The habit finds a close parallel in certain neotropical tree frogs 
of a very different family, to be discussed below. 

Polypedatidae. — The Polypedatidae are Old World tree frogs 
which have evolved from ranids and they have taken up the 
habit of laying the eggs out of water and further elaborated it. 
The most primitive genus is the well known Asiatic East Indian 
genus, Rhacophorus or Polypedates. The vast majority of 
the species in the genus lay their eggs over or near water and beat 
the egg mass with their hind legs into a foam. This procedure 
beats air into the developing spawn, an important feature, since 
the outer surface of the foamy **nest” soon dries forming a 
resistant crust to the nest. The central part of the nest liquefies 
as the tadpoles develop and the latter are soon freed to take up a 
life in the water. The older tadpole usually has a broad tail fin 
which extends forward along the back. Two species of the 
genus have succeeded in increasing the yolk content of the eggs 
and these are no longer beaten into a foam. These large eggs 
are probably hatched directly into frogs but observations on this 
point are incomplete. In the Bufonidae the habit of making a 
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foam nest has been evolved independently but here the eggs are 
laid m contact with or very near the water, while the tadpoles 
never develop the larval characters of Polypedates It is 
nevertheless, interesting that the habit of making foam nests 
should have independently evolved in these two unrelated groups. 

All the genera which show anatomical evidence of having 
evolved directly from Polypedates have retained the same 
mode of life history. Several species living in the same region 
as Polypedates have been found to have the same habit, while 
the African Chiromantis which is another derivative of Poly- 
pedates has exactly the same way of caring for its eggs. The 
life histories of African frogs related to Chiromantis are incom- 
pletely known, but some such as Hyperolius, lay their eggs in 
small clusters in the water (Rose, 1929) and here it is apparent 
that the spawn-beating habit has been given up. Kassina 
senegalensis is closely related to Hyperolius and has also given 
up the egg-beating habit. Its eggs are small, only 1.5 mm. 
without the capsules, pigmented, and laid singly or in pairs in the 
water (Power, 1926). The mature tadpoles are of the back- 
finned Polypedates type; the tooth rows, however, are more 
reduced than in most species of the ancestral group. Although 
Kassina and Hyperolius have succeeded in giving up their spawn- 
beating habit, they still show in the tadpole form some evidence 
of their origin. Further, the tadpole of Kassina develops a rigid 
convex upper lip and a pair of horny plates obliquely arranged 
in the angle of the mouth. Such structures are known only 
in the tadpoles of Hylambates, a genus more closely related to 
Kassina than to Hyperolius. Until recently Hylambates was 
confused with another genus of polypedatids, Leptopelis. Since 

rw South African species lack these plates 

(Wager, 1930), it remains to be discovered if the genera Leptopelis 

and Hylambates may be distinguished on the basis of different 
larval modifications. 

HyUdae.— The typical tree frogs, Hyhdae, show no close 
relationship to the Polypedatidae; they have evolved from 
bufonids, not ranids. As already indicated, one group of hylids, 
which mV be defined as Gastrothecinae, carries its eggs on the 
back of the female, some exposed and others enclosed in a sac. 

JN one of the other hylids shows any indication of this mode of 
bte history, nor are the larvae equipped with bell-shaped gills 
wnich are found throughout the first subfamily. All of the latter 
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hylids lay their eggs in pools. Some, such as Hyla rosenhergi 
and the closely related H. faher, build basins of mud either near 
the edge of pools or in the bed of the pool itself. In the case 
of the former species, at least, the male does all of the building 
and he attracts the female to the basin with his voice, after the 
walls are constructed. The tadpoles {H, rosenhergi at least) 
which are developed within these muddy cups have enormous 
pinnate gills which adhere to the surface film of the basins. 
Similar gills have been described in Leptodactylus ocellatus which 
is not closely related to H. rosenhergi. The former lays its eggs 
in a foamy mass similar to other species of the genus Lepto- 
dactylus and no mud basin is constructed. The gills, while 
long (Fig. 21D), have the simple structure of the gills of other 
species of Hyla and hence their hypertrophy, which seems to be 
correlated with the poor oxygen supply of the basins, has brought 
no radical change in their structure. Other tree frogs of the 
genus Hyla lay their eggs in small basins of water existing in 
nature. For example, the tree frogs of Jamaica lay their eggs 
in water between the leaves of bromcliads. In such a habit we 
apparently have the beginning of the basin-building habit of 
Hyla rosenhergi and //. faher. The two latter species are more 
closely related to one another than to any other tree frog whose 
life history is known and they have similar modes of nest building 
different from that of any other frog. 

Within the genus Hyla, other closely related groups of species 
have similar habits. All the hylas of Jamaica lay their eggs in 
bromeliads and the larvae are modified for living in close con- 
finement. The larval tooth rows have been reduced and also 
the larval gills. Hence, these tadpoles apparently secure most 
of their oxygen directly from the atmosphere. The food supply 
in these situations is limited and the tadpoles have developed 
the habit of eating the eggs of their own or related species laid 
in the same situation. It is interesting that brevicipitid toads 
of the genus Hoplophryne should have adopted a somewhat 
similar habit of laying their eggs in or near basins of water. They 
also exhibit a reduction of the gills and both possess a powerful 
development of the jaws (Noble, 1929a). Apparently the latter 
modification assists them in cutting through the capsules of the 
eggs they eat. In spite of the parallelism of habit and diet, 
the tadpoles of each group show definite evidence of their group 
relationship. Those of Hoplophr 3 me have the characteristic 
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brevieipitid features described above, while hylas resemble one 
another in the reduction of the larval tooth rows (Fig. 24 ). 

Other species of Hyla have adopted still other modes of life 
history. Hyla uranochroa, 

for example, apparently 
lays its eggs out of water 
on leaves and the tadpoles 
which finally make their 
way into the water are 
forced to live in the rapid 
streams where they find 
themselves. This tree frog 
has a red iris similar to 
many species of the genus 
Phyllomedusa. The latter 
is merely a Hyla which 
has undergone various 
reductions in the length of 
certain digits. All species 
of Phyllomedusa, as far 
as is known, lay their eggs 
over water. They do not 
beat this egg mass into 
foam as in the case of Poly- 
pedates, but in some species 
the parents may fold the 
leaves together over the 
mass of eggs. The tad- 
poles which hatch have a 
broad back fin similar to 
Hyla versicolor. One spe- 
cies of the genus has been 
recorded to have its mouth 
produced into a funnel 

which apparently assists it modification of the mouth 

in r !• A parts of the tadpoles of Jamaican tree frogs: 

in sunace feeding. A sim- A. Hyla lichenala. - B, Hyla brunnea, C. 
ilar umbrella mouth has D. HyiawHderi, 

been recorded in the brevicipitids, Microhyla achatina and M. hey-~ 
wonm tadpoles, as well as in many species of the pelobatid Mega- 

species of the brachycephalid Phyllobates (Fig. 

). Some of these species live in mountain brooks and others 
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in ponds. The funnels differ in detailed form but in all cases 
they are umbrella-like extensions of one or both of the larval lips. 
No doubt the funnels assist some species, if not all, in increasing 
the efficiency of surface feeding, but when one considers the 
sporadic occurrence of these enlarged lips in totally unrelated 
groups of frogs, it becomes clear that they do not afford a good 
evidence of relationship. Since tadpoles with and without 
enlarged mouths are sometimes found together in the same ponds, 
it does not seem that the presence of these enlargements is a 
matter of life or death in the economy of these species. It would 
be interesting to know whether the tadpoles with the large 
mouths invariably feed on a different kind of food from that on 
which the others do. In the adult frogs there is no specialization 
of food habits permitting two closely related species to live in the 
same region. Possibly competition is avoided in these tadpoles 
by the very different mouths of the larvae. 

Brachycephalidae. — A second family of predominantly neo- 
tropical Salientia is the Brachycephalidae, Like the HyUdae 
they also evolved from toothed bufonids but they specialized 
in terrestrial life. As mentioned above, Phyllobates and Dendro- 
bates are closely related and the males of both genera carry their 
tadpoles on their backs, at least while transporting them to the 
pools from the site where the eggs were laid. The habit is 
known from a series of species, some living at high altitudes 
in the Andes and others at sea level in tropical jungles. The 
habit forced on the group by phylogeny was found useful in 
many different kinds of situations. How the habit actually 
developed is not known since the life history of the genera imme- 
diately ancestral to Phyllobates has not yet been worked out. 

A second group of Brachycephalidae seems to have had an 
independent origin from bufonid ancestors. This group includes 
the diminutive frogs of the genus Sminthillus. Their anatomy 
suggests that they have evolved directly from Syrrhophus or its 
close relative Eleutherodactylus. Like the latter genus, Smin- 
thillus limbatus of Cuba lays large eggs on land. Apparently 
these undergo the usual development of Eleutherodactylus. 
Sminthillus is very small, and each female, as far as known, lays 
only a single egg, while the many species of Eleutherodactylus, 
whose life histories are known, lay considerably more. Such a 
reduction in egg number is apparently correlated with the small 
size of the species. 
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There is one genus of Brachycephalidae, Rhinoderma (Fig. 25), 
which has attracted attention for many years because the male 
carries the eggs in his vocal pouch until they hatch as fully formed 
frogs. The tadpoles during this period have typical larval 
mouth parts, although these remain uncornified. The papillae 
about the mouth resemble 
more closely those of 
the bufonid Paludicola, as 
described by Fernandez 
(1927), than those of the 
brachycephalid Dendrophry- 
niscus stelzneri, described by 
the same author. No inter- 
mediate stages between this 
remarkable habit of carrying 
eggs in the vocal pouch and 
the more usual habit of 
la 3 dng eggs in the water 
are known. Many fish are 
“mouth breeders,'" that is, 
they carry their eggs for 
various periods during de- 
velopment in the buccal 



cavity, but no species of 
frog has this habit, although 
an African form was in- 
correctly described as doing 
so. 


Fig. 25. — A dissection of the vocal 
pouch of Rhinoderma darwinii sliowing 
several partly metamorphosed larvae. 
The young undergo their larval develop- 
ment within the vocal sac of the male. 
V.iS., vocal sac; M.L., metamorphosing 
larva. 


The retention of larval structures in situations where they 
cannot function finds a parallel to Rhinoderma in other groups. 
The South African Arthroleptella Ughtfooti develops a branchial 
sac devoid of a spiracle, although the species undergoes its 
entire development on land and is unable to swim when placed 
m the water. Again, the African Breviceps parvus undergoes 
even a more direct development from egg to frog but nevertheless 
possesses a branchial sac within which the forelimbs develop 
(de Villiers, 1929). Possibly these or other larval retentions may 
afford a clue to the ancestry of these groups, but so little is known 
concerning the larvae of the Brachycephalidae that the phylo- 
genetic significance of the larval teeth of Rhinoderma cannot be 
stated. 
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Bufonidae. — Mention has been made of the direct development 
of Eleutherodactylus. This genus belongs to the large group of 
tooth-bearing toads formerly called * ‘ Leptodactylidae. ” A 
study of the anatomy of the toothed and the toothless toads in 
various parts of the world disclosed that many genera in different 
parts of the world had independently lost their teeth. Placing 
all the toothless species by themselves in a separate family made 
a very unnatural assemblage. As indicated above, life history 
data supported this contention, for various groups of toothless 
and tooth-bearing toads were found to have the same life-history. 
The habit of Eupemphix of beating its egg mass into a foam which 
it had laid in or near small pools of water was found not only 
in the toothed genus Paludicola, immediately ancestral to Eupem- 
phix, but also in the whole series of species referred to several 
genera. These include the dominant group of South American 
frogs, namely Leptodactylus. Some species of the latter genus 
may be as large as the American Bullfrog and others only a 
little larger than a Spring Peeper, Ilyla crucifer, and yet they all 
lay their eggs in a foamy mass. A parallel occurs in some species 
of Polypediites, but here the egg mass is not laid in contact with 
water, and the larvae, as they develop, are differently modified. 
While enclosed within the foamy mass, the larvae of Lepto- 
dactylus, Paludicola, and Eupemphix have very slim bodies 
which may be of assistance in their efforts to break through their 
slimy nests to the adjacent water. Differences appear in the 
various species; for example, in the length of the gills. Neverthe- 
less, there is a general agreement of nest form and larval habitus 
which runs through the whole group. 

The only exception known at the present time to foam nest 
building as characteristic of all species of Leptodactylus and its 
allies is found in a species at present referred to the genus Pleuro- 
dema. Fernandez (1927) reported this species to lay its eggs in 
regular masses, but since the eggs were not collected by Fer- 
nandez, there is some possibility of error. The evidence as 
given would indicate that a life-history mode may remain con- 
stant throughout a great many related species and genera and 
suddenly, within a single genus, change to a totally new type. 
Within many genera egg size may increase and species with the 
largest eggs will develop into frogs instead of going through the 
tadpole stage. But there is very little evidence of radical 
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chanps in the mode of life history among closely related species 
which pass through the tadpole stage. 

Although egg size may shift within closely related species, it is 
interesting that it frequently remains constant throughout a 
large series of forms. For example, all species of Eleuthero- 
dactylus apparently lay their eggs on land; the eggs are devoid 
of peduncles and are not beaten into a foam. The embryos as 
they develop may or may not be provided with external gills 
they are all equipped with a broad, thin tail which functions as a 
respiratory organ. No other species of frogs laying eggs on 
and IS equipped with this respiratory tail at the time they are 
enclosed within the egg capsule, except certain East Indian 
brevicipitids. In these brevicipitids, the eggs are laid in the 
lorm of a rosary and the tadpoles which develop are not known 
to have the powerful egg teeth of Eleutherodactylus (Fig 26) 



A 

Fiq. 26. — The egg teeth of two 



The egg teeth in Eleutherodactylus usually have the shape of a 
pair of bull’s horns which help the little frog when mature to 
escape from the capsule. There are, thus, apparently important 
aetails of development to distinguish the mode of life history 
ound m Eleutherodactylus from that in other frogs laying eggs 
on and. Again, these differences are not sufficiently known in 
any number of species for us to be sure which are the most 

diagnostic. 


rha. capsule really may be an important 

in uninfluenced by environmental factors is well shown 

thrn common toad. Species of Bufo are found 

^ greater part of the world. Species laying their 

o*' ou mountain tops all produce the 
The string of eggs found in our common Bufo. 
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small rods instead of strings (Wright and Wright, 1924). The 
latter case may be accounted for by assuming the modification 
to be due to the extremely small size of the adult. Since the 
Bufo stock of South America must have been separated from 
that in South Africa for many thousands of years, and both 
must have migrated across jungle and plain to reach their present- 
day ranges, it is remarkable that both are able to succeed so 
well with this simple mode of egg laying. It is probable that 
factors other than the mode of life history have been chiefly 
responsible for the toad’s success; nevertheless, the method of 
laying the eggs in strings has not been detrimental to the species 
under these various environmental conditions, or the stock would 
have died out. 

Ovoviviparous Bufonids. — Within a single family there may be 
several modes of life history. In the Plethodontidae discussed 
above, some species lay their eggs in water, others on land, and 
still others retain them in the oviducts until fully formed young 
emerge. Similarly in the Bufonidae different ways of propaga- 
tion may occur. There is one group of African frogs, referred 
to the genus Nectophrynoides, the two species of which are 
structurally very different. Until recently they have been kept 
in separate genera, but both give birth to their young alive. No 
copulatory organs have been described, and how the spermatozoa 
are transmitted to the oviduct is not known. The embryos as 
they develop have very slim tails which no doubt are of little 
use as locomotory organs. The tails are well vascularized, how- 
ever, and greatly elongated. This seems an adaptation to secur- 
ing oxygen from the vascular uterine wall. The number of 
larvae within a single uterus of N. vivipara is often over a hundred, 
and the long tails apparently function as so many pipe lines 
bringing oxygen to the larvae kept away from the uterine wall 
by the bodies of their brothers and sisters. As in the case of 
Rhinoderma, the stages by which this ovoviviparity in Necto- 
phrynoides was secured are unknown. In fact the many peculiar 
life histories of tropical frogs are known so fragmentarily that 
we are able to compare only the general mode of life history rather 
than the details of development. Where these details are known, 
however, they sometimes exhibit marked adaptations which 
have no especial phylogenetic significance. Examples may be 
found among the tadpoles of Ceratophrys, two species of which 
have large mouths and many tooth rows as an adaptation toward 
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a cannibalistic diet. Mountain-brook tadpoles may have large 

mouths which assist them in holding on to rocks in midstream. 

In these cases tadpoles with few, and others with many tooth 
rows may be closely related. 

The mode of hfe history thus forms a guide rather than an 
infallible proof of the relationship of frog or toad. Where the 
affinities of genera or species are in doubt the mode of life history 
frequently gives an important clue. For e.xample, the torrent 
frogs of Rio de Janeiro, called Hylodes petropolitanus and 
Borborocoetes mtliarus, have peculiarly flattened tadpoles adapted 
for gliding over wet stones or trickles on the edge of the torrents. 
These tadpoles are so different from any other species that there 
can be little doubt as to the close affinity of the two forms 
More recently. Lutz (1928, 1929) has shown that the tadpoles 
of two species of Cycloramphus resemble these flat tadpoles 
closely but are more elongate and may have different mouth 
parts and spiracles. The eggs of all these species are apparently 
aid out of water among the rocks and the tadpoles are more 
truly amphibian, that is, both aquatic and terrestrial, than those 

of America. This habit and habitus 

of the tadpoles is not an ontogenetic modification produced bv a 

peculiar environment. In the same mountain torrents there 

are various species of Elosia which frequent the rocks but produce 

tor?ent^ arlluract" ""'T' mountain 

words, marked changes in the dilation of the dimts tho 

the last thorn Qr« f atidae. With the exception of 

separated geographicllir To^doubTSe 

ancient stocks and honoo the first three represent 

ingly different within each famTlv'^*' ^ 

t)y the pelvic embrace of the male during breeding. 
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while most higher frogs and toads practice the pectoral amplexus, 
although occasionally the amplexus may be pelvic in very 
stout species. The observations of Fletcher (1889), that the 
Australian Limnodynastes, Hyperolia, Pseudophryne, and Crinia 
employ a pelvic embrace is of interest, for it strongly suggests 
that these toads are more primitive than other bufonids. Nearly 
all tadpoles of liopelmids, discoglossids, and pelobatids exhibit 
smooth edges to their larval teeth, which frequently appear in 
duplex rows. A doubling of the sets of teeth within each tooth 
row appears extremely rarely among higher forms, and the tad- 
pole teeth of the latter are usually serrated. Where specializa- 
tions occur in the life history, these are unique. Mention has 
been made of Protopipa and Pipa as the only two frogs which 
carry their eggs in separate pockets on their back. Mention 
has been made also of Ascaphus (Fig. 22D), whose tadpoles live 
in the mountain torrents of the West. The arrangement of the 
tooth rows of Ascaphus is unique among the Salientia. While 
the species of these primitive genera are too few to trace out 
their progressive evolution in their mode of life history, never- 
theless, in general they support the view that the mode of life 
history is usually of considerable phylogenetic significance. 

Gymnophiona. — The caecilians, which have been found to be 
primitive in many features of their anatomy, possess large- 
yolked eggs. Some of these are laid on land as in Ichthyophis, 
and the female guards them until the larvae hatch and take up a 
life in the water. Others skip over the aquatic larval stage and 
a few have specialized external gills. One genus, Typhlonectes, 
is ovoviviparous. No caecilian has a less specialized life history 
than that of the more primitive genera Ichthyophis and Rhina- 
trema. The life histories of Ichthyophis, Hypogeophis, and 
Typhlonectes show a gradual specialization of life history 
accompanying a specialization in adult structure. 

The Primitive Type. — Lastly, it should be emphasized that 
there is no reason for assuming that the small eggs of Rana are 
primitive. The branchiosaur ancestors of frogs and urodeles 
arose from labyrinthodonts and these ancient Amphibia were 
almost indistinguishable from some cotylosaur reptiles. Possibly 
these labyrinthodonts had not developed the amnion, allantois, 
or calcareous egg membranes of modern reptiles, but it is not 
improbable that the eggs were well provided with yolk. Another 
inheritance from fish ancestors was the gelatinous egg capsules 
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which serve not only as a protective cover but also as a regulator 

of osmotic conditions in the egg. In species exposing their eggs 

to the sun the capsules have the additional function of conserving 
heat by checking radiation. 
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CHAPTER IV 

SPECIATION AND ADAPTATION 

It is self-evident that Amphibia are more or less adapted to 
their en^ronment. Burrowing toads are equipped with tarsal 
spades (Fig. 27), pond salamanders with lateral line organs 
arboreal frogs with large adhesive discs. If Amphibia were not 
in more or less harmonious relation with the habitats in which 



the different species spend the greater part of their Hves, be that 

Zh of thn eventually succumb. 

Each of the chapters devoted to the structure of Amphibia dis- 
cusses some Illustration of the adjustment or modification of 
organs and tissues as correlated with the particular needs of the 
orgamsm. Amphibia hke most other organisms, when under 
the stress of unusual environmental conditions, can modify 

But expression of various structures. 
But the alterations of development will explain very few of the 

SfktteZ'^ adaptations found in the group. In considering 

a lts tr ''' »» 
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Species Defined. — Species are groups of individuals having 
one or more characters in common which distinguish them from 
related groups of individuals. Groups exhibiting characters in 
common but intergrading with those of a closely related group 
are usually defined as subspecies and a third name is added 
to the species name. For example, Desmognathus fuscus caro- 
linensis is the subspecies of the common Dusky Salamander 
D. fuscus. Species may embrace several subspecies but they 
may also include many variants, incipient species, and some- 
times “sports.” The relation of these various infraspecific 
categories to species is still a controversial matter in spite of the 
efforts of many investigators (cf. Cuenot, 1921; Morgan, 1923; 
Robson, 1928; Rensch, 1929). The Amphibia have contributed 
little to an experimental analysis of the problem, but various 
facts concerning their distribution and phytogeny have been 
used to bolster up now one view, now the other. Since it has 
been the systematist who has first defined and has been most 
concerned with species as steps in evolution, some reference 
may be made to the kind of data which have been employed by 
the systematist when considering species origin. 

Variation. — ^The individuals of any one species frequently 
vary greatly among themselves. Variation of color is well known 
in the Cricket Frog, Acris, and in the Leopard Frog,Rana pipiens. 
Variation has been described in toe number in Hynobius, verte- 
brae number in Dendrobates, and egg size in some species of 
Rana. Similar differences when fixed have been used in defining 
other groups of Amphibia. The toad, Bufo americanus, is not so 
variable as many species of Salientia, but Kellicott (1907) found 
many differences in the 13 characters he considered in a single 
colony of the species. In various species of Salientia individuals 
may appear with a conspicuous dorsal stripe, and as similar 
stripes may be characteristic of other species but not those under 
consideration, they have been considered sports or pronounced 
mutations (Mertens, 1926). Darwin was familiar with such 
differences, but he rejected them as a possible source of species 
formation. He appealed to the small heritable variations found 
in all species of animals as furnishing the material for species 
production. Since Darwin’s time, naturalists have greatly 
increased the number of instances of species differing from others 
merely by slight differences of color or form. On the other hand, 
geneticists have demonstrated that these small differences arc 
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also due to germinal mutations and that they arise and are 
inherited m the same way as the large heritable changes or sports 
In bnef, the systematist considers the same kind of data which 
Darwin utilized, only more examples are available today 

rnherited characters are 

Hereditary Units.— All heritable differences distinguishing 
species which have been adequately studied have been found to 
e produced either by recombination of the genes (the hereditary 
factors) upon crossing; by aberrations of the chromosomes the 

bearers of these hereditary factors; or by mutation, that is 

change in the individual genes. Most variation displayed by a 
population of a single species in nature is usually due to recom- 
bination of preexisting mutations. Because recombination occurs 
so much more frequently than mutation, each individual is not the 

wSLTam^ " converging lines of descent 

Most wilH ^ ^■oughout the entire specific group (Fisher, 1930). 

^ that is, unlike in a number 

of pairs of homologous genes derived from father and mother 

pec ive y. As a result, the effect of any one member of the 

pair may be modified, and different grades of any one variation 

may appear within a species. Such variation may appear to be 

heritable differences were fonnH f v, and small 
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merely by a single Mendelian factor (Haecker, 1908), although 
there appear to be various degrees of albinism in this species 
which may be due to other genetic factors. Amphibia are slow- 
breeding creatures and we may never know how many gene 
mutations distinguish the axolotl from the other species of 
Ambystoma. In the meantime, geneticists have brought to 
light additional facts which give an explanation for the essential 
requirements postulated by many naturahsts for the origin of 
species in nature. 

Isolation in Species Formation. — It has long been recognized 
that “without isolation no species” will be formed. Recent 
investigations have emphasized that isolation alone is not so 
effective as isolation plus change of environment (Grinnell, 1924; 


Chapman, 1926). Random mating in a natural population of 
any one species tends to distribute all the different genes 
throughout the population. Since most mutations occur in only 
one member of a pair of genes and are recessive (Morgan, 1926), 
they cannot come to expression until they meet with other like 
genes on crossing. Isolation encouraging inbreeding hastens 
the appearance of the characters, and continued inbreeding tends 
to change the isolated group into one which is homozygous for 
these characters. Hence stocks isolated on islands, on mountain 
tops, or in well-defined ecological niches soon exhibit and fix 
characters which their wide ranging, freely interbreeding ances- 


tral stocks fail to show. If in addition to this uncovering process 
the isolated community is subjected to new environmental 
conditions, the stock will be reduced to only relatively few indi- 
viduals of those best fitted to survive. The uncovering will 
proceed more quickly, and natural selection wiU presumably favor 
individuals unlike those of the original stock. It is thus no wonder 
that while some species of tree frog have a wide range in Central 
America, each of the Greater Antilles has its own species. Nor 
is it surprising that mountain ranges with their diverse topography, 
whether in the Old or in the New World, usually have a greater 
number of distinctive types of frogs and toads than the adjacent 


low country of much greater area. , . , . 

It may be noted, however, that continued isolation does not 

improve the strain beyond a certain point. No change wiU 

occur in this pure fine until a mutation happens to occur 1 ° some 

gene. Isolation favors the rapid purification of hidden strains 

but has no influence on inducing new mutations. 
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It is frequently supposed that inbreeding within an isolated 
community leads to a decrease of vigor. This does not always fol- 
low. In a wide-ranging species individuals with dominant genes 
having unfavorable effects are soon eliminated in the struggle to 
live. Unfavorable recessive genes, on the other hand— those 
which do not have any visible effects — may become widely 
spread throughout the population. Inbreeding of a sample of 
this population leads to the appearance of these effects, for the 
inbred individuals tend to become homozygous for these genes. 
Hence isolated communities of small size are usually less vigorous 
than communities of a larger size which are frequently “mixing” 
their germ plasm. If this small group is suddenly thrown into 
competition with a wide-ranging group, it will usually succumb 
because it is less vigorous due to its genetic constitution. It is 
of course possible, however, that the pure line produced by isola- 
tion and inbreeding would be more vigorous than a wide-ranging 
stock due to the selection of certain favorable genes The 

chances, however, are very much against such a possibilitv in 
nature. 


Kinds of Isolation.-Multiplication is so rapid within any spe- 
cies of animal that a balance of numbers is soon struck, depend- 
ent on available food and other conditions limiting life in a 
particular habitat. Competition is most keen between organisms 
whose food and other requirements are most alike. Hence a 
decided premium IS placed on mutations which tend to throw 
their owners out of competition with their near relatives. Genet- 
icists have shown that a single gene mutation may affect manv 
organs of the body at one time and also influence physiological 

ZTi 923) haT* importance in the hfe of the animal. As Mor- 
gan (1923) has said, it is these physiological effects which have 

played the most important r61e in evolution. In the first place 

K A physiological differences 

rt differ “r breeding sites or appear 

g y ore pointed snout and smaller size (Okada, 1928) but 
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it differs radically from the typical form in laying its eggs in 
frothy masses on leaves over the water instead of in holes in the 
banks of rice fields. The difference between the two forms is so 
slight that they are not considered good species. Since the forms, 
however, are apparently completely isolated during the breeding 
season, the two “varieties” will continue to accumulate small 
mutational differences until they become good species. Outside 
the breeding season many species of frogs and salamanders may 
occupy the same habitat. Robson (1928) in his review of species 
formation failed to find isolation an important factor, apparently 
because his data on the kinds of isolation were incomplete. 
Geographic isolation is the most obvious but by no means the 
only important kind of isolation which may occur. For example, 
Plethodon cinereus and P. glutinosus are two common salamanders 
of eastern United States. As shown by Shelford (1913), the 
latter is more sensitive to dry air than the former and this would 
explain why the latter is usually found in more moist situations 
than the former. Further, P. cinereus lays its eggs in logs or 
under stones in the woods, while P. glutinosus seeks a subterranean 
retreat for egg laying. Lastly, the two species are of very dif- 
ferent sizes and hence would not compete for the same food. If 
a derived stock is thrown out of competition with the ancestral 
group and cross-breeding is prevented due to morphological or 
physiological change, the first step in the origin of a new species 
has been made. 

Not all closely related species are isolated, and some may be 
thrown into direct competition. In such cases the factors per- 
mitting survival may be complex. Recently Piersol (1929) 
has found that Amby stoma jeffersontanum, although breeding in 
the same ponds as A. maculatumj maintains the same relative 
abundance from year to year in the Toronto region. The first 
species breeds a httle earlier than the second and a higher percent- 
age of its eggs fail to develop. Piersol has shown that this loss is 
due to the cold, which in some cases may prevent the sperm from 
entering and in others may favor an abnormal polyspermy leading 
to irregular changes and death. Further, low temperatures below 
5°C. result in such a slowing of development that the egg materials 
tend to stratify and the egg dies. These losses, however, are 
compensated for by the cannibalistic tendencies of the larvae and 
the earlier start they obtain in life. Piersol showed that when 
the larvae of the two species were crowded and starved, the 
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jeffersonianum larvae devoured the macukUum. If jeffersonianum 
larvae were not so aggressive and voracious, maculatum would 
soon replace jeffersonianum as a species, for it has inherited a 
breeding season rhythm better fitted to the Toronto climate. 

Not only the time of breeding but the duration of the breeding 
season may be due to genetic factors. Witschi (1930) found that 
two strains of Rana temporaria differed in the length of the breed- 
ing season. When the rapid breeders were brought into the 
laboratory, they deposited their eggs in 24 hours while the slow 
breeders under the same conditions required a longer period. 
Correlated with this difference in breeding rate was an inherited 
difference in rate of sex differentiation. Further, the rapid 
breeders came from regions with long winters and short though 
relatively hot summers. Their breeding rhythm was adapted 
to the habitat of the strain. No doubt natural selection had been 

instrumental in localizing each strain in that region most suited 
to its particular rhythm. 


Space and Time in Evolution. — Species change with space and 
time : with space because they meet new environments and this 
permits new isolations and new selections, with time because any 
one locality is undergoing a cyclic climatic change (Matthew 
1915) which will eventually alter both the physiography and 
flora of the region. Since species usually avoid competition by 
rnigrating into new territory, Jordan (1926) has postulated that 
the nearest relative of any species is not likely to be found in the 
same region, but in a neighboring one separated by a geographical 
barner. Since an active or passive migration is occurring at all 

^ave assumed 

K U " Exceptions 

occur to both these rules but they frequently afford valuable clues 

in tracing the history of a group. 

^iefly by an accumulation of gene mutations 

catalysts and their size and number estimated in the case of the 
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a^urned that the hereditary material may be altered by the 
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and radium may induce mutation in the fruit fly and other organ- 
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isms including plants. Goldschmidt (1929) has induced a 
series of mutations in Drosophila by exposing the eggs for short 
periods to a temperature of 37°C. Whether or not air tempera- 
tures or radioactive substances in the earth have any influence on 
mutation in Amphibia, it should be noted that the mutations so 
far induced in animals or plants are no more adaptive to partic- 
ular environmental conditions than the usual mutations of the 
laboratory. Adaptation results from the fact that nature 
permits those individuals to survive which are equipped with 
useful or at least non-harmful mutations. Indifferent mutations 
make up the bulk of specific differences. Darwin considered 
specific differences to have been gradually improved by natural 
selection, but more recent field observations have failed to show 
the survival value of many characters, such as the color dif- 
ferences of the various species of Ambystoma or Plethodon. The 
red and gray phases of P. cinereus, for example, are nearly equally 
abundant in regions where enemies, such as the screech owl, are 
known to be abundant. It would thus appear that physiological 
differences, such as habitat or breeding-season preferences, which 
actually throw a derived stock out of competition with its ances- 
tral form, are the real characters favored by natural selection. 
Linked with the genes which determine these physiological 
characters are still other genes which determine the visible 
differences. 

Natural Selection. — The great variety of apparently useless 
characters found in Amphibia is due to the nature of the heredi- 
tary mechanism. In other groups of animals it has been shown 
that each gene may produce several visible effects. Some of 
these may be favorable, others neutral, but they are either 
accepted or rejected as a unit by nature. The survival of any 
particular individual or species is not determined by the perfec- 
tion of any one character but by the total fitness of an organism 
for some particular environment. Since it is obvious that 
natural selection weeds out those variants which are least fitted 
to survive, we might expect that any species which has existed 
in one environment for a long time would be as well-adapted as 
its genetic constitution would permit. The possibilities of 
viable mutations are, however, fewer than usually believed. 
In spite of the fact that many groups of Amphibia were in 
existence since the early Tertiary, we find many species still 
bungling along with mechanisms not perfectly adjusted to any 
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one environment. The reason for this lack of complete adapta- 
tion in all characters lies in the nature of the hereditary mech- 
anism and the possibility for neutral characters being carried 
along in the evolutionary stream. 

It was noted by Darwin (1859) that wide-ranging species 
usually exhibit more variation than forms having a smaller 
range. These variations may show no intergradation with the 


ancestral stock and in some cases have been given specific names. 

Thus, Rana burnst is a spotless Rana pipiens found in the same 

locality as the latter and yet not intergrading (Weed, 1922) 

In the same region Rana kandiyohi may be described as a mottled 

Rana pipiens which does intergrade. In other groups of animals 

mutations may show a perfect or incomplete dominance. In the 

latter case the hybrids appear intermediate in character. 

It is probable that both Rana burnsi and R. kandiyohi owe 

their origin to one or more mutations but the determination 

of the exact number will have to await a genetic analysis. The 

adaptive value of the color differences, which is the distinguishing 

character of these three species of Rana, is apparently very 

slight; the same may be said of the color patterns of many other 

species of Salientia. On the o-ther hand, the coloration of 

arboreal frogs and salamanders, which expose themselves to the 

attacks of enemies, may be highly protective. Aneides aeneus 

for examp e, closely resembles the blue-green algae on the trees 

It frequents, while Hyla andersoni has acquired the apple green 

of the swamp magnofia on which it often rests. Such close 

correlations owe their existence to natural selection and are 
tound in species most open to attack. 

tion"s 1 ^°®ter more adapta- 

of mo salamanders 
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mSfi hydrostatic organs. The degree of adaptive 

rtSned rth specialization 

Uve fro V P^y^^Seny. Ascaphus, America's most primi- 
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equipped with a vascular extension of the cloaca, which can be 
carried forward and inserted into the cloaca of the female. 
Although there are many mountain-brook urodeles, few Salientia 
live habitually in these currents. One of the reasons may well 
be that urodeles have adopted a method of internal fertilization. 
Ascaphus has accomplished the same result by a different method. 
Although Ascaphus is highly adapted to a mountain-brook 
habitat, it retains all the primitive features of anatomy which 
disclose its true relationships. The habitus characters of 
Amphibia are not to be confused with the heritage of less plastic 
features which indicate the phylogenetic position of the species. 

Divergent Evolution. — A species is usually distinguished from 
a subspecies by the arbitrary criterion that the former does not 
intergrade while the latter always merges gradually into its 
nearest relatives occup 3 dng contiguous ranges. Most species 
are also distinguished from subspecies by the fact that they are 
unable to cross with their nearest relatives. This sterility which 
emerges with the birth of a species seems to be a consequence of 
the difference in many genes; the greater the number of different 
genes the more the likelihood of incompatibility on fertilization 
or during development of the hybrid. Whenever two groups of 
individuals are effectively isolated they tend to accumulate 
different mutations, merely by chance, and hence continue to 
diverge. Obviously, once this infertility is complete the oppor- 
tunities for divergence are greatly increased. 

Parallel Evolution. — One of the most interesting features of 
speciation is that the same characters frequently appear inde- 
pendently in the descendants of a single stock. This phe- 
nomenon has frequently been noted in plants (Vavilov, 1922) 
and in many groups of animals. It is even a feature of the 
evolution of the opalinid parasites in the recta of frogs (Metcalf, 
1928). It is also an important characteristic of amphibian 
speciation, as examination of the data in Chap. V will show. 
For example, Boulenger (1918) in considering the subspecies of 
the common European frog, Rana esculentaj showed that R. e. 
chinensis repeated the principal characters of R. e. lessonae 
although both are independently derived from R. e. ridibunda. 
An even better case is found in the West Indian tree frogs. 
Several species of Hyla in Hispaniola have been evolved inde- 
pendently of the Jamaican series from a common Hyla brunnea- 
H. dominicensis stock and in both islands certain distinctive 
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characters of pupil form, skin rugosity, and body size have 
independently evolved in the derived species on these islands 
(Fig. 28). In many groups of animals the reappearance of the 
same character in species not closely related has given rise to the 
suggestion that one species may be mimicking another which 
has certain other characters of survival value. This mummery 
has been brought about by the action of natural selection on 
small mutations. In the Amphibia many characters of denti- 
tion, pupil form, pectoral girdle, tongue form, digital scutes, 
digital loss, etc., have reappeared in groups not closely related. 

It would seem that the various 
families of Amphibia had only 
a limited repertoire of germ- 
inal changes. Many of these 
parallel changes have no 
known functional significance. 
In some cases the retention 




of a character once it has re- 
appeared in a different stock 
may be aided by natural selec- 
tion. Some polypedatid and 
hylid tree frogs from different 
parts of the world may appear 
^ almost identical externally, 

F.o, 29.-Mimicry in salamanders. POSSible that the 

A reddish cheek patch is characteristic slow weeding OUt of natural 

of Pto Won (B) and appears as geiggtjoQ brought this 

a variation in specimens of Dcsmognalhus ® 

caro//ncn.si.'f (A) living in the Great about. Natural selection. 

Smoky Mountains, the habitat of the however, WOuld Seem tO have 
former species. ' 

had little effect on shaping 
the color pattern of some Amphibia. For example, Plethodon 
jordani of the Great Smoky Mountains is dark bluish with 
a conspicuous reddish cheek. Desmognathiis fuscus carolinen- 
sis of the same region occasionally shows an almost identical color 
pattern (Fig. 29). It would seem remarkable that this distinc- 
tive color pattern should have occurred in two species in the 
same region, but at Durbin, West Virginia, bright orange 
specimens have been found, others with a stripe on each side and 
a plain back, or a stripe on each side and a row of spots in the 
middle of the back, or a series of small vermiculations on the side, 
or several other distinctive patterns which are well-marked even 
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in young metamorphosed individuals. Some of these color 
patterns appear again in species of Plethodon and Eurycea. 
It is thus clear that D. f. carolinensis is able to produce in a single 
locality many of the patterns of the Plethodontidae, and while 
some of these patterns may appear with intergrades such as the 
reddish-cheeked variant of the Great Smokies, others may show 
little intergradation. If any of these well-marked color variants 
of Durbin could isolate themselves in a distinctive range or 
ecological niche, few systematists would hesitate in calling them 
species. 

The case of reddish-cheeked Plethodon and Desmognathus 
occurring together in the Great Smokies and nowhere else in the 
United States has been considered an instance of mimicry. 
The phenomenon may be 
compared with the parallel 
modification of bent terminal 
phalanges in certain African 
ranids (Fig. 30). Why the 
only species of Rana having 
claw-shaped terminal phal- 
anges actually perforating the 
integument of the digit tips 

should be found in the only African Gampsosteo- 

ij i- xi_- batesi with recurved terminal 

part of the world where this phalanges which normally protrude 

modification occurs in other the skin of the toes to form 

genera not closely related to 

it is difficult to account for on the basis of natural selection, 
since neither this modification nor the reddish cheeks seem to 
have a survival value. It is possible that parallel modifica- 
tions in unrelated genera are linked with physiological muta- 
tions having such a value, but at present there is no evidence 
for such an assumption. 

Function in Phylogeny. Structural characters may also 
exhibit in some cases an apparent gradvKal change, in others an 
apparent sudden modification. Various genera of frogs differ 
from their closest relatives merely by a loss of teeth, but tooth 
loss in some bufonids such as Batrachophrynus was brought on 
gradually. Similarly, while the salamanders Manculus, Hemi- 
dactylium, Salamandrella, and Salamandrina differ from their 
ancestral stocks chiefly or at least in part by lacking the outer 
toe of each hind foot (Fig. 31), toe reduction in Batrachoseps 
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pactficus and some species of Hynobius is a variable phenomenon. 
Related frogs with and without the teeth apparently take the 
same food. Similarly, no functional change has been noticed 
in the locomotion of salamanders which have lost the outer digit. 





Fio. 31. — Four-toed salamanders. The loss of the fifth or outer toe has 
occurred frequently in the phylogeny of the salamanders. Four-toed species 
of three different families are shown here: A. Hynobius keyserlingi. B. Hemi- 
dactylium scuialum. C. Salamandrina lerdigitata. 


Tree frogs of Santo Domingo which have a rhomboidal pupil 
and other species with an oval pupil are both nocturnal; and since 
both live in the same valley, they would seem to have had little 
reason for difference in the shape of the pupil. Whether a 
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character has taken its final form gradually or suddenly, natural 

selection would frequently seem to have played little part in its 

genesis. The effect of natural selection may, however, be 

indirect, in the present instance favoring frogs of different sizes, 

and the rhomboidal pupil may be another manifestation of the 

gene or genes producing large size. Although the subject is 

highly speculative, it is important to emphasize that many 

characters of Amphibia have no functional significance but 

nevertheless have appeared independently several times in 
phylogeny. 

Adaptation. — Most Amphibia are well adapted to the particular 
environments in which they live. These adjustments have 
been brought about by the elimination over a long period of time 
of those variants which decreased the efficiency of the species 
in any particular locality. Species are therefore preadapted by 
gene mutations, very few of the great many mutations produced 
(to judge from the kinds of variations in any one species) being 
retained in future generations. As indicated in Chap III 
function may play an important part during the later stages of 
ontogeny in shaping certain organs or tissues of the body There 
is, however, no evidence that this effect is ever inherited. For 
example, the bUnd salamander, Typhlotriton spelaeus as a larva 
fives chiefly near the mouths of caves and it retains functional 
eyes throughout larval life. During metamorphosis, however 
It penetrates deeply into the caves and soon the lids draw 
together, fuse in part, and the rods and cones of the retina 
degenerate (Fig. 32). If the larvae are kept in the light during 
this critical period they retain and further develop both the 
functional eyes and pigmentation (Noble and Pope, 1928) 

nref vll generation for 

presumably a ve j long period, since it represents one of the most 

primitive plethodontids, and yet the effect of cave life has not 

l^en inherited. Give the young, metamorphosed Typhlotriton 

the stimulus of light, and it wiU develop functional eyes (Fig. 32) 

(Werner, 1892) and further develop its larval eyes under certain 

dnri^l f “any modifications produced 

dunng ontogeny resemble heritable features of other specLs 

IS no evidence that the modification frequently repeated 
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can impress itself on the germ. Thus, while cold has been shown 
to induce the European land salamander to retain the young for 
longer periods in the oviducts even until metamorphosis (Kam- 
merer, 1907) and this condition is typical of the related Sola- 
mandra atra (a high mountain species), Lantz (1927) found 
that the former species, S. salamandraj may sometimes also 
produce metamorphosed young in nature at a moderate elevation. 




Fio 32. — The influence of light on the eye of the cave salamander, Typhlo- 
inton ' spelaeus. A. A blind adult reared in the dark for 203 days after the 
beginning of metamorphosis. B. Another, reared in the light for approximately 
the same period, retains and further develops the functional eyes both possessed 

while larvae. 

Mutations in other groups of animals have frequently been found 
to resemble modifications, but there is no experimental evidence 
that modifications produced during life in the body can be 
transferred to the germ plasm and become hereditary. Those 
who believe this possible would postulate long periods of time to 
accomplish this result. The evidence available is, however, 

against such an assumption (Cuenot, 1925). 

Preadaptation. — Instances of preadaptation are given in the 
discussion of behavior (Chap. XVI) and in the origin of the brood- 
ing habit (Chap. XVII). The “sucking discs” of tree frogs are 
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frequently considered highly adaptive organs. They are really 

adhesive and friction discs equipped with a series of glands and 

a network of fine grooves (Chap. VI). Each cell is free distally 

from its neighbor and being stiffened by a fibrous modification 

of its cytoplasm catches in irregularities of the surface in much 

the same way as the fine bristles covering the toe pads of gecko 

lizards. Further, there is a series of fibers within the pad which 

automatically squeeze the fluid from the glands when the body 

weight of the frog pulls on the gripping toes (Noble and Jaeckle, 

1928) . This modification of glands, epidermis, and pad fibers was 

found to be present in frogs such as Phyllobates, which do not 

climb, and others such as Acris, which have given up the arboreal 

habits of their tree-frog ancestors. In general, tree frogs must 

have pads of a certain size in order to be able to climb, but there 

is little correlation between the actual width of the pad and the 

amount of tree climbing the species practices. In general, large 

frogs ascend to greater heights than small frogs. Hyla vasta 

adheres with difficulty to the side of a glass aquarium, while the 

much smaller H. crucifer may adhere for days, nevertheless the 

former species lives in tall trees, while the latter rarely if ever 

climbs at all. Possibly small frogs become desiccated more 

quickly and hence arc forced to keep near the ground. According 

to Gadow (1901), the European tree frog lives the first two years 

of its postlarval life in the grass. It would be interesting to 

know if other tree frogs were terrestrial before they reached a 
certain size in their ontogeny. 

Salamanders which habituaUy cfimb trees have the digits 
either more or less webbed or joined by a thick pad as in Oedipus, 
or the terminal phalanges may be Y-shaped and bent downward 
as m Aneides. Nevertheless, many other salamanders can readily 
chmb smooth vertical surfaces. The climbing salamanders are 
few, and although one species of Aneides is apparently entirely 
terrestrial (Storer, 1925) it is not clear that their climbing equip- 
ment arose first m terrestrial species, as seems certain in the case 
of the frogs. Many tree frogs have broad webs which may assist 
in chmbing, whUe others, chiefly the South American genus 
Phyl ornedusa, may reduce the webs and transform both hands 
and feet into pipping organs. The latter would seem to he a 
modification closely correlated with arboreal life. Webbed feet 

tTon r digital reduc- 

tion, If on a different plan, occurs in many different families of 
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Salientia whose habits are apparently very distinct one from 
another. 



P'lo. 33. — Burrowing toads. Fossorial toads of several different families 
resemble one another in their narrow, pointed heads and conspicuous ‘spades,* 
the digging tubercles of the hind feet. A. Hemisus marmoratum, a brevicipitid. 
B. Rhinophrynus dorsalis, a bufonid. 



The integument, which is the tissue first to come into contact 
with the environment, might be expected to show the greatest 

number of adaptations. But 
Protopipa and Pipa from the 
ponds of Guiana have a very 
different degree of skin rug- 
osity. Hyla vasia and Eleu/- 
therodactylus inopiatus live in 
the tall trees of Hispaniola 
and yet the first has a rough 
and the second a smooth skin. 
Smooth-skinned toads such 
as Bufo alvariics of Arizona 
live only near water, while 
rough-skinned species may be 
found far from water in the 
desert. Thus, the structure 
of the integument apparently 
restricts the range of the spe- 
cies, but the correlation be- 
tween skin structure and 
environment is not always 
close. Many Salientia (Figs. 
33 and 34) burrow to avoid 
desiccation. The Spade-foot Toads are equipped with large 
metatarsal tubercles which are doubtless of great assistance in this 



Fig. 34. — Toad faces. The wedge- 
shaped heads of burrowing toads are 
variously modified. In Rhinophrynus 
dorsalis (yl) the snout is truncate; in 
Rhombophryne testudo {B) it is covered 
with sensory papillae. 
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operation. Salientia of other families may be similarly equipped, 
and some forms such as Helioporus and Chiroleptes make more 
or less permanent underground passageways. The latter genus is 
remarkable for its ability to absorb water rapidly until it assumes 
the rotundity of a tennis ball (Buxton, 1923). The Australian 
aborigines were found by the Horn Expedition to use these toads 
as a source of drinking water. 

Some burrowing species such as the Spade-foot Toads, Sca- 
phiopus and Pelobates, have blunt, bony heads, the subcutaneous 
tissues of the head being infiltrated with bone tissue. A similar 
casque develops in species such as Hyla dominicensisj which only 
rarely burrow. Other burrowing species have sharp, narrow 
snouts with or without dermal ossifications. The aquatic 
salamander, Amphiuma, is a notorious borrower and its sharp 
snout and long body would seem to be produced expressly for 
this purpose. Batrachoseps, which may be considered a long- 
bodied Plethodon with a lost or reduced outer toe, is not, however, 
more of a borrower than Plethodon gliUinosus. Further, the 
long-bodied Siren does not burrow at all. Still, Pseudobranchus, 
a close relative of Siren, having a much more pointed head, readily 
burrows into the sand covering the bottom of aquaria. The long- 
bodied fish are looked upon as having evolved from short-bodied 
forms under a variety of ecological conditions. Occasionally 
the long body in both fish and salamander is put to some special 

use, but neither seems to have evolved in correlation with the 
burrowing habit alone. 

Physiological Characters,— Many adaptations are not morpho- 
logical but apparently physiological. Why should Salamandra 
salamandra avoid limestone while Proteus and Typhlotriton 
live well in limestone regions? Within the genus Eleuthero- 
dactylus some species, as Untus, are found only in limestone 
regions, and others never in such situations. The rough-skinned 
Hyla arenicolor is found on rocks close to streams, while the 
smaller and apparently more delicate Hyla regilla has a wide 
range in many kinds of habitats (Storer, 1925). The factors 
which hold Rana virgatipes and Hyla andersoni to the Atlantic 
Coastal Plain are not known, but they would seem in some 
way associated with the acidity of the water (Noble and Noble, 

3). Many cases of habitat preference, however, would 
seem to evolve several factors. The Gopher Frog, Rana aesopus, 
lor example, breeds in the same ponds as several species of Rana, 
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but it alone leaves these ponds for a solitary life at the entrance 
of Gopher Turtle burrows. 

Although no determination has been made of any of these 
factors, it was found that temperature may be of importance in 
restricting the range of Typhlotriton to the vicinity of caves 
(Noble and Pope, 1928). This species will not stand tempera- 
tures so high as Eurycea mulliplir.ata, which is found in the same 
caves, and which, on the other hand, ranges far beyond the caves 
in regions where water temperatures are considerably higher. 
Presumably temperature limits the northern distribution of 
many species of Amphibia and no forms are found in northern 
regions where the subsoil remains permanently frozen throughout 

the year. 

As indicated in the discussion of the endocrine organs (Chap. 
XIII), cold may prevent the functioning of the thyroid, and 
various urodele larvae at high altitudes may become neotenous. 
The adaptation of perennibranchs to the aquatic habitat is due 
to the failure of the tissues to react to the thyroid hormone. This 
condition has apparently been brought about by genetic factors. 
It is, nevertheless, interesting to note that thoroughly aquatic 
frogs' such as the Bullfrog, Rana catesbeiana, and such tropical 
species as Pseudis paradoxa usually have a longer larval life 
than species which become terrestrial on metamorphosis. Simi- 
larly, the aquatic Eurycea bislineata has a more extended larval 
period than the more terrestrial Ambystomas. It would seem 
that slowly maturing thyroid glands in the larvae are in some way 
correlated with more or less aquatic preferences in the adult. 

Hormones in Evolution.— It is not known whether genetic 
factors have produced species of Amphibia by controlling the endo- 
crine organs alone. Nevertheless, in many different genera, pairs 
of species live side by side, one form half or less the size of the other 
and approximating the young of the larger species in appearance. 

In Cuba the diminutive Bufo dunni agrees well in form and 
color with the young of B. peltacephalus of the same island, 
has not the cranial ossifications of the adult of the latter, bu 
these ossifications develop slowly during adult life in B. peUace- 
phalus, and one would not expect to find them in a derived form 

which had ceased to grow much beyond metamorphosis, bimi- 
larly, the diminutive Necturus maculosus lewisi (Fig. io) is a 
dwarf derivative of N. m. maculosus living in an adjacent area. 
In some cases the dwarfism is correlated with mountain e. 
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The dwarf species of Oedipus have large nostrils, not in adapta- 
tion to any particular needs of mountain life but merely because 
large nostrils characterize the young of Oedipus. These species 
are essentially forms which have failed to grow up as do the 
primitive species of the genus. This phenomenon of arrested 
development has been recognized for a long time in various groups 
of vertebrates (Franz, 1927). Cope (1889) made extensive 
comparisons between the young and adult stages of various 
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Fio. 35.— Speciation by dwarfing. An adult Neclurus maculosus lewisii (A) 
compared with an adult N.m.maculosua {B) drawn to the same scale The 
former race has apparently developed from the latter by dwarfing. 

genera of frogs. When species living in contiguous areas are 
compared and the adults of one species found to agree closely 
with the young of the other, it would seem probable that the 
phenomenon of arrested development had played an important 
part in the genesis of the smaller species. 

Many characters of adult frogs resemble ontogenetic stages in 
other species. Hyla vasta develops an extensive web between its 
fingers (Fig. 36) and dilates its sacral diapophyses during post- 
metamorphic life. Can the short webs and narrow sacral 
diapophyses of some species of Hyla be considered arrested stages 
of more primitive larger species? AU specific changes appear 
hrat during ontogeny. New species are not produced by the 
addition of stages to more primitive species but by a modifica- 
tion of the processes of development of the former. This 
modification may mean a loss of growth, an extension of the 
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growth period, or a disharmonic growth of parts. Hence, if 
two species are found together in the same or adjacent areas and 
one never develops beyond a juvenile stage in the ontogeny 
of the other, it does not always follow that the former species 
has been derived from the latter. It is equally possible that the 
reverse is the case and the “adult” characters represent a further 
modification of the ontogeny characteristic of the other species. 
It is also possible that the pair of species may have evolved 
according to Eimer's principle of epistasy by which one of two 



Fio. 36. — The growth of digital webbing in a tree frog after metamorphosis. 
Left manus of Hyla vasia viewed dorsally : A. Adult. B. Recently metamorphosed 
individual of the same species. 


related forms becomes more modified in phylogeny than the other. 
The bright salmon tints of the spring salamander, Pseudotriton, 
may have been derived from the more primitive Gyrinophilus 
danielsi. The purple salamander, G. porphyriHcus, has similar 
bright colors in some recently metamorphosed individuals, 
however. Hence, the bright colors of both danielsi and Pseudo- 
triton may be the retention of a juvenile character of G. porphyriti- 
CU5. In such cases a knowledge of the evolution of the group as 
a whole and its routes of dispersal will sometimes afford important 
evidence as to which possibility is more probable. 
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Phylogeny is the result of ontogeny; specific differences occur 
in the genes of the eggs or sperms of the species, and they produce 
effects which become more manifest as development proceeds. 
Genes may occur which induce modifications only during larval 
life. For example, although the species of Megalophrys appear 
to be closely related, the larvae of some species differ remarkably 
from the larvae of others. On the whole, however, evolution 
has proceeded more rapidly in the adult than in the larval forms 
and hence we have been able to conclude that the structure of 
the larva may afford better evidence of relationship than many 
adult characters (Chap. III). 

Ontogeny does not repeat phylogeny. Amphibian larvae 
in their external gills, adhesive organs, and body form resemble 
the larvae of crossopterygian and dipnoan fish but not the adults. 
This repetition of characters in corresponding stages is evidence 
of relationship in the same way that the distinctive brevicipitid 
larva common to Gastrophryne and Microhyla shows that these 


genera are related. The brevicipitid larva has not the slightest 
resemblance to an adult ranid from which the Brevicipitidae 
evolved, and, as Garstang (1922), Sewertzoff (1927), and Franz 
(1927) have recently emphasized, the adult stage of the ancestor 


is not pressed back into earlier stages of development in the 
descendants of any groups of animals. Over a century ago, 
von Baer concluded that the young stages in the development 
of an animal were not like the adult stages of other animals 
lower down on the scale but were like their young stages, and 
this conclusion seems equally well founded today. 

Nevertheless, certain characters distinctive of an adult stage 
may appear earlier in a descendant. This may be due to the 
earlier functioning of the genes producing these characters, but 
there are various conditions of development of Amphibia which 
may also be considered. While the primitive frogs have arciferal 
pectoral girdles, the more specialized frogs show firmisternal 
girdles which are formed by two halves coming together to fuse 
m the midline during ontogeny. This is apparantly the only 
way possible for the firmisternal girdles to develop while main- 
taining a lateral position in connection with the forehmbs The 
branchial arches of amphibian larvae bear a resemblance to 
those of fish Some frogs may skip the tadpole stage and in 
these cases the arches may develop directly into the hyobran- 
chials without serving as respiratory structures. There is a 
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recapitulation of successive grades of differentiation but the 
repetition of ancestral adult stages is usually lacking during 
ontogeny. Nevertheless, bone may replace cartilage during 
development, or the anlage of originally separate organs may 
form separately and fuse later. As Garstang (1922) has pointed 
out, it is this formative dependence of one organ or tissue on 
another which confers upon ontogeny its recapitulative character. 

Permanent Larvae. — Growth and differentiation, as discussed 
in Chap. XIII, are controlled by the hormones of the glands of 
internal secretion. The relation of hormones to the genes is 
well shown in the phenomenon of metamorphosis. At this 
period the salamander larva and the frog tadpole undergo an 
extensive reorganization and differentiation and emerge as 
tetrapods capable of land life. The gills are lost, the branchial 
clefts fused, the larval branchial skeleton is changed into the 
adult hyobranchial. The eyes bulge, lids are formed, palate, 
jaws, and skull bones undergo marked changes. In the tadpole 
the larval epidermal teeth are lost, the tail is absorbed, while in 
urodeles the spike teeth of the larva are usually replaced by 
bicuspid ones, and the fin on body and tail is reduced. Wilder 
(1925) has described some of the many changes which take 
place at the time of metamorphosis in the larval Eurycea hislineata. 
Not all of these occur in other species. For example, the maxil- 
lary bones are formed long before metamorphosis in the axolotl 
but not in Eurycea. Endocrinologists seize upon the shedding 
of the skin in one or more large pieces as the criterion of meta- 
morphosis in the urodeles. Correlated with this skin change the 
large Leydig cells are lost and the stratum corneum develops as 
an adaptation to resist the drying effect of the air. 

Some urodeles never metamorphose and others seem to begin 
the process and not complete it. When incomplete metamorpho- 
sis occurs, it is not due to the absence of the thyroid hormone, 
which induces metamorphosis in other species, but to the fact 
that certain tissues are no longer sensitized to this hormone. 
These tissues do not react to thyroid extracts injected into the 
animals' bodies (Chap. XIII). For the present discussion it is 
interesting that the hyoid apparatus of Necturus and Amphiuma 
on its first appearance has the reduced form of the adult of these 
species just as if not enough branchial arch-forming material 
had been present (Noble, 1929). Further, the palatoquadrate 
bar in Siren splits into the usual two parts at a time when the 
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skin retains its typical larval structure. Although the physio- 
logical block to complete metamorphosis in these permanent 
larvae is not known, it is obvious that structural changes are 
taking place at such early and disconnected stages that they 
cannot be considered metamorphosis. Nevertheless, if we focus 
our attention only upon the most obvious changes of meta- 
morphosis, namely the development of limbs, of maxillary bones, 
the loss of gills, and reduction of branchial arches. Siren and 
Pseudobranchus would be considered forms which have ceased to 
differentiate beyond a very early stage of larval life; Proteus 
and Necturus, forms which have reached a later stage of urodele 
ontogeny; Cryptobranchus, one which has begun its metamorpho- 
sis; and Megalobatrachus and Amphiuma, forms which have 
nearly completed their metamorphosis. If we examine the skin 
of the last three genera it will be found to have metamorphosed 
completely and thus run ahead of this scheme. Further, the 
skin of the adult Siren has the typical metamorphosed structure 
while that of the closely related Pseudobranchus is larval. The 
skin of Necturus does not react to the thyroid hormone, while 
that of Cryptobranchus does (Noble and Farris, 1929). There is, 
of course, little advantage to be gained by the latter change since 
both of these genera are entirely aquatic. The thyroid hormone 
reacts on tissues which are sensitized to its action, and this 
sensitization is produced presumably by genetic factors without 
any relation to the future use of this modification. 

The thyroid hormone may produce its influence on metamor- 
phosis very indirectly. For example, Maurer (1921) found that 
removing the forelegs of a tadpole did not prevent perforations 
from developing in the operculum during metamorphosis. He 
assumed that this could be explained only on the basis of the 
inheritance of acquired characters, the forelegs having been 
pushed presumably through the operculum for so many genera- 
tions that now the holes would form even when no legs were 
present. But Helff (1924) showed that the perforation of the 
operculum was due to a secretion of the degenerating gills which 

a similar histolysis of the integument on other parts 
of the body. Thus, the thyroid hormone by inducing a degenera- 

lon of the gills caused the production of a cytolysin which released 

e forehrnbs. An even more complex situation is to be found in 
the tail of a tadpole during metamorphosis. If skin from the 
body region is transplanted to the tail before metamorphosis. 
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this piece of skin does not degenerate with the remainder of the 
caudal appendage at the time of transformation (Reis, 1924). 
In addition to the hormones producing metamorphosis, there 
are cytolysins released which are specific for certain skin, namely 
that of the tail, but have no effect on other skin which differs 
structurally in no essential way. Since moreover, skin from the 
anterior part of the tail grafted to the back of frog tadpoles under- 
goes histolysis at a greater speed than skin from near the tail 
tip similarly grafted, there exists a gradient of response to these 
cytolysins in the skin of the tail (Clausen, 1930). The tail is 
not absorbed from the tip forward as commonly supposed; the 
degeneration of tissue is more rapid at the base. Metamorphosis 
even within the tail of Amphibia is a very complex process. 

The Course of Phylogeny. — It may be noted by referring to 
other sections (Chap. I, Part II) that neoteny in the usual sense 
of the word, namely the retention of larval characters during 
sexual maturity, has played no part in the phylogeny of the 
Amphibia. Typhlomolge is a plethodontid salamander because 
it possesses characters in common with plethodontid larvae. 
Necturus and Proteus are isolated in a separate family of Caudata 
by taxonomists because they possess several striking features 
not shared by other salamanders, larval or adult. These perenni- 
branchs owe their position in the system to the degree they have 
diverged from apparent ancestors and not because of their 
larval features per se. The more advanced types of any group 
of animals are frequently highly modified and consequently 
restricted to particular environments but it does not follow that 
primitive types are always more “plastic,” more able to cope with 
varying conditions of habitat. Ascaphus, the most primitive 
frog in America, can live only in or near cold mountain streams. 
Primitiveness rests on resemblance to ancestral types and not at 
all on any physiological peculiarities. 

In tracing the evolution of the Amphibia (Chap. I) we noted 
various trends of evolution, especially the reduction in the number 
of skeletal elements and the increase in cartilage. The latter may 
be described as a progressive foetalization. Similarly, the loss 
of teeth in various groups of Salientia may be considered a reten- 
tion of a larval condition, since teeth in other Salientia do not 
appear till metamorphosis. The same process of progressive loss 
may be traced in the evolution of higher classes of vertebrates. 
Another parallel is to be found in the secondary production of 
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snakelike forms. In salamanders and lizards, the elongation 

of the body in phylogeny is accompanied by the reduction in the 

length of the limbs. Among the Amphibia these elongate tyjjes 

have not proved highly efficient, at least they have not split 

up into many species, while in the Reptilia the success of the 

snakes is familiar to everyone. Similarly, the birds which are 

specialized reptiles have succeeded extraordinarily well and 

show the danger of concluding that a specialized group is in any 
way senescent. 
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CHAPTER V 


SEX AND SECONDARY SEX CHARACTERS 

Sex is the physical, chemical, and psychical difference between 
male and female animals. The difference is primarily correlated 
With the production of male and female sex products and the 
facilitation of their union. Sexual reproduction hastens evolu- 
tion, for it combines the characters existing in a populatio J in a 
vanety of different ways and brings new mutations into relation 
with old combinations, thus giving natural selection more 
kinds of individuals on which to work. It is thus biologically 
important that the egg should not develop until it receives the 
male chromosomes in the process of fertilization. As discussed 
in Chap. II, frogs’ eggs may be made to develop in other ways, but 

under natural conditions the egg does not divide until activated 
by a spermatozoon. 

/ s ej^al characters form a well-defined group, usually 

/ sharply distinguished from somatic characters both in structure 
and function. The genetic analysis of these characters in animals 
other than Amphibia has shown conclusively that they owe their 
to changes in the same chromosomal mechanism which 
through its mutations has produced the somatic characters 
(Crew, 1927, Morgan, 1926). Various other explanations have 
been given for the origin of secondary sexual characters in Amphi- 
bia, but none of these fits the facts of sexual divergence as 
exhibited by related species. These divergences may be con-/y^ 
sidered in some detail, for they have an important bearing on thq/^ 

origin of characters in relation to the use which is finally made^ 
of them. 

Under the term “secondary sexual characters” are included all 
/the differences between the two sexes other than those connected 
Hvith the gonads and their ducts. The latter are considered in 
the chapter dealing with the urogenital system. T he be st-known 
secondary sexual characters are the nuptial pads which appear 
on the prepollex region of many frogs and toads during the breed- 
ing season, or the bright colors and crests of certain male European 
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newts during the same period. These, like the majority of second- 
ary sexual characters of vertebrates, are brought to expression by 
the hormone ofj^ejestes (Chap. XIII). MaH^^Tuch as the 
elongate, premaxillary teeth of Desmognathus, are potentially 
present in both sexes and can be made to develop in an adult 
female if a testis is transplanted into the body. The hormone' 
acts upon characters determined by heredity but able to develop 
only in the presence, of the testicular hormone. Other secondary 
sexual characters resemble those of invertebrates in that they 
do not require the testicular hormone to maintain their appear- 
ance. It is interesting that this should be true of certain characters 
such as the vocal pouch of Rcma^culenta^(Cha.mpy , 1924) which 
has a great functional value in the male, and also equally true 
of others, such as the cloacal papillae of certain newts (Naka- 
mura, 1927) which have a doubtful functional significance 
Both those characters dependent on a testicular hormone and 
those independent of it find their hereditary determiners in 

genes and hence may be considered together in the present 
discussion. 

Functional Significance of Secondary Sex Characters.— It is 

well known that the nuptial pads of frogs are used for main- 
taimng a firm grip on the back of the female during egg laying 
P^ds^are also present on the upper arm of the male Pleurodeles 
which swims below his partner during the courtship (Chap. XVI) 
This would seem to be an inappropriate position to take but it is 
actually well adapted to the method of fertilization by spermato- 
phores^ The male, after a time, frees one foreleg and by bending 

snout ^Thr^"? deposits a spermatophore opposite the female’s 

cloaca IS directly over the spermatophore. In P. poireti there is 
a circling movement with the clutched arm as the pivot leading 

Jhe mllTTl """ H 1930). It is interesting thaf 

f the female the same way, altLugh 

1 A T P™°®®ds on land (Van Leeuwen, 1907). The hedonicli 

Dieted °ther parts of the boaT^fWle 

Plcthodontids (page 136) and on the cheeks of the male TriturusX 

pa^tTnThe mechanisms nicely adjusted to play a certain ' 

enJilnd ^ ^ salamanders, and hence differ- 

ent secondary sexual characters might be expected in the various 
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_ Instinctive habits, often quite different in the two sexes, 
appear during the breeding season under the influence of gonads 
and may be classified as secondary sexual characters. In the 
Sahe^tia, associated with the greater activity, louder voice, 
and retentive grip of the male sex, many structural differences 
of fluctuating or more permanent character may appear. ’ The 
forelimb bones may be greatly molded by the muscles of the 
male as in Leptodactylus ocellatus (Fig. 37) and Rana spinosa, and 
less pronounced skeletal differences have been found between 



Fig. 37.— Sc\ual dimorphism of the forelimbs in the South American frog, 

Lcptodactylua ocellatus. A. Female. B. Male. 


the sexes of almost all Salientia which have been intensively 
studied (Dauvart, 1924; Kandler, 1924; Klier, 1926; HarmS; 
1926; Sailer, 1927). There are correlated differences of muscle 
weight (Gaule, 1900). -The abdominal muscles of the male 
have such an important function in forcing air from the lungs 
in producing the call and are correspondingly more powerful 
than those of the female, but differences are also to be found 
even in the tendons of the two sexes (Kahn, 1919).. The lungs 
of many male frogs are larger than those of the female, markedly 
so in Bombina (Boulenger, 1897). This may be correlated not 
only with the louder voice but also with the higher metabolism 
and greater activity of the male. -The red blood count of the 
male frog is higher (Zepp, 1923), its br^> weight greater (Komine, 
1924), its liver heavier (Yunge, 1^7)^ In the case of the 
African Astylosiernus rohustus^ a species with greatly reduced 
lungs, a compensatory vascularization of the integument occurs 
in both sexes, while in the male patches of vascular villosities 
appear on the thighs and sides, and in reference to these the species 
has been given the name of “Hairy Frog” (Fig. 63). These 
villosities apparently supply the frog with the greater amount of 
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oxygen his sex demands (Noble, 1925).. The difference between 
the sexes of frogs may thus extend to many details of their anat- 
omy and physiology and may include many Httle-understood 
differences, such as the shorter intestines of the male of some 
European frogs (Yunge, 1907). Sex differences may be demon- 
strated in the functioning of the heart (Appelrot, 1930) and these 
may possibly find their explanation in the higher calcium content 
of the tissues of the male frog. A similar variety of secondary 

rf. ^thout doubt in urodeles 

Uela (1930) noted that the sexual differences occurredTn'many 

parts of the viscera, brain, and eyes of the Japanese newt 

Tnturus py^hogaster.- Although these modifications probablv 

have some functional correlation, it is difficult to account for 

the much softer skin of the male, since neither secretions nor 

of ^courSn discussion of habits (page 410), the methods 

out the Sahentia, differences appearing only in the position of the 
forehmbs about the body or the relation of the fists to the female’s 
dy or to each other. Nevertheless, the differences in the 

nupual pad, closely related species' „.ay be estoordL™ 

.me specie, saeb as ealyar!! 'Clh 

m.y Lrlts,” b^d^ Tb— - 

ranids and bufonids.' Spines simikr i^ ““ 

on the pad may rarely occur on various par^s 72 ”“ d 

the toe, in P^rteWT, ' .'"a"® or along 

Bombina mni 'Th^also n 

where they cotffd not function in certain Wh! 

HyUi leprieuri (Boulenger 19121 ® T 

the ventral surfaces of the forelimbsl^thfi °° 

chest and ch“; few ^"^end to the 

ranids. In the case of certn^”^^”^^'*^*’ bufonids, and 

me case of certain species of Rana this spread of the 
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spiny area, to tho chest is correlated with a life in mountain 
torrents. In such situations the ability to maintain the grip 
on the female is placed at a premium, and Pope (1931) has shown 
that the frogs breeding along certain Chinese torrents either had 
spiny chests or the males were much smaller than the females 
and hence offered little resistance to the current when carried 
on their backs. The tendency to form pigmented spines in the 
male is by no means always correlated with obvious advantages. 
In fact, the tendency seems to run riot in the males of some frogs, 
for the spines may appear on almost any part of the body. The 
males of one or more species of Bufo, Hylambates, Chiromantis, 
Megalixalus, Phrynobatrachus, and Eleutherodactylus have their 
dorsal surfaces covered with spines, while the females are smooth 
above. In many of these species no asperities at all appear on 
the prepollex and hence the dorsal rugosity cannot be considered 
an extension of the nuptial pad area. If sex recognition in these 
species is accomplished by trial embrace, as in Rana sylvatica 
(Noble and Farris, 1929), the dorsal spines might serve the 
courting male to distinguish quickly between the sexes. Such 
an explanation does not work out well in detail, for while the 
male, Bufo marinus and B, regularis are more spinous above, the 
females of Bufo funereus, B. vulgaris^ and B. americanus are 
the more spinous or rugose. In Bufo canorus the male has both 
fewer and smaller warts than the female (Storer, 1925). In 
other genera also the differences between the skin of the two 
sexes may be great or slight according to the species, making it 
doubtful if skin *Teel” could play a part in sex recognition 
throughout the group. 

In various salamanders there may be a difference of texture 
in the skin of the two sexes. The western “water dog, ” Triturus 
torosuSy as well as the above-mentioned T^pjjrrhog aster ^ is much 
smoother skinned in the male. Fisher (1905) showed that “dur- 
ing the fall the dermis of the female frog is thinner and less resist- 
ant to acids and alkalis and digestive fluids than that of the 
male.” Zepp (1923) found that the skin of certain European 
frogs (excluding that of the head) was much heavier in the male 
sex. Such differences might be assumed to be correlated with 
the chain of anatomical differences alluded to above and to have 
no specific functions in the breeding act. 

Unexplained Sexual Differences. — Such an assumption would 
not explain the spinosity of other species of frogs. For example, 
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the males of some African tree frogs, as Megalixalus fornasinii 
and M. leptosomus, are spinose above, while spines of similar 
character are found over the dorsal surfaces of both sexes of 
the closely related Megalixalus spinosus. Although these spines 
are sUghtly better developed in the breeding male, they are an 
important feature in both sexes and represent an instance of a 
phenomenon frequently found in birds and mammals where a 
character found only in the males of one species appears fully 
developed m both sexes of another (Pycraft, 1914). 

A similar phenomenon is to be observed in the European newts 
In various species {italicus, montandonii, etc.), the. males have 
tip of their tails extended into a whip lash which may serve 
to direct the secretion of the abdominal glands toward the female 
uring courtship, although other species seem to get along with- 
out the lash. This secondary sexual character appears in both 
sexes of the relat^ T. palmatus where its function in the female 
18 a mystery. Gtljer cutaneous hypertrophies in Amphibia 
present equal difficulties when their possible functions are 
consijred. For example, the male European toads, B. vulgaris 
and B. vindts, exhibit a slight extension of the j^ffiing between 
the toes dunng the breeding season. This invSl growth of 
the toe and tarsal ndges to form fringes in the male Pelodvtes 
punciaiusJ while in the male Elosia and Crossodactylus a simUar 
hypertrophy produces broad folds. In the wood and grass frogs 

oe webbing of the male is extended to form a convex ed^e dur ng 

w.bs be eeei Tie "a" bl™ 

finuer of thl Crossodacit/fwa gaudichaudii the second 

(D^n 1924) Tis theT^ H Phyllobates nubicola 
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(Fig. 38) the two inner fingers are spatulated, while in Limno- 
dynastes dorsalis the second finger is broadly spatulated and the 
third hypertrophied along its preaxial edge. 

Although certain modifications of the appendages would 
seem to have considerable use, they are frequently found in 




Fio. 38. Secondary sexual modification of the manus in LechriQ^s melano- 
pyga. A. Right hand of female as seen from below. B. Right hand of male, 
same aspect. 


only a few species of a related group. The European mountain 
brook newts of the genus Euproctus are notorious in the way 
they court. The males lie in wait among the rocks and snare 
passing females with their prehensile tails. So forceful and pro- 



Fio. 39. — The male Trilurus pyrrhogaster with the glandular hypertrophies, the 
elongated digits, and the pointed tail, characteristic of this sex. * 


longed is the grip that it frequently kills the captured animal. 
E. montaniLS apparently assists the grip with the spikelike 
processes which protrude from its fibulas (Klingelhoffer, 1930). 
Nevertheless the related E, asper succeeds well without these 
spurs. Again, the toes of some newts, especially those of Triturm 
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vittatiis and T. pyrrhogaster (Fig. 39), are elongated in the breed- 
ing males. These apparently balance themselves on their digit 
tips while waiting expectantly for a female. The attitude is 
however, not very different from the usual posture of aquatic 
salamanders when on the alert. It is difficult to believe that 
male salamanders “well up on their toes” have a decided advan- 
tage m courtship or that the elongated digits per se have a great 
selective value. 

Perhaps the most discussed secondary sexual characters of 
vertebrates are the color differences. Darwin tried to explain 
these differences in birds by his well-known theory of sexual 
selection the female being supposed to select the most attractive 
male and hand on his characters to her male progeny. Such a 
selection has been denied in fishes (Kyle, 1926) although in some 
groups sexual differences in color seem to aid sex recognition 
in the European nevds,. which have bright colors in the male 
there is a certam_amount of display which apparently tends 
to raise the female to^ch a state of sexual excitement that she 
wil pick up the spermatophore when it is later emitted by the 
mal^ But in the blind salamander of Europe, Proteus anyumus, 
t^wo rows of light spots appear on the side of the tail during the 
breeding season (Chauvin, 1883) and these certainly would not 
be appreciated by his sightless mate. In all Salientia where the 
courtship and mating has been adequately analyzed, sight has 

Farl°'J929?olT I""”"! recognition (Noble and 

arris, 1929) other than to inform the male of the approach of 

another object of suitable size or movement. Neverth les/ 

some specaes as distantly related as Bufo car^orus of theTosemS 

- Storer, 1925) and Arthroleptella lightfooti^oi South Africa (Rose 

1929) may show a marked differeTiee in color and color pattern 

in the two sexes. Some .differences of colorjuav be directly 

3e Julrthe ^ t^place in the 
that in both Rana fusca and Triturus cristatus the dermis of 
male Th - the breeding 

wh le the lymph spaces increase in size the lymph becomes 

S ttrZircTk t the throat 

toads’ throats are"" correflterwith" the^^ breeding 

of this region during the breeding season. ^ Still, suerseasS 


116 


THE BIOLOGY OF THE AMPHIBIA 


changes would not account for the marked sexual difiFerence in 
color pattern seen in some frogs and salamanders. 

Most Amphibia, unlike lizards and birds, show little or no 
sexual difference in color. Male lizards make great use of their 
conspicuous colors in bluffing possible rivals, while many birds 
engage in elaborate courtship displays. In most vertebrates 





Fio. 40. — Secondary sexual characters in Old World frogs. A. Left manus of 
DimoTphogn(Uhus africanus as seen from below, showing the elongated third 
finger of the male. B. Head of the male of the same species with the pseudo- 
teeth of the lower jaw characterizing this sex. C. Head of the moXe Peiropedetes 
newtonii showing the columella process, the spike-like metacarpal I and distinc- 
tive chin spines. D. Head of Rana pUeata with the frontal swelling peculiar to 
the male. 

where marked sexual differences in color appear these have an 
important role in sex recognition or courtship. The types of 
courtship found in Amphibia are usually not such as would foster 
a sexual divergence in color. 

Phylogeny of Secondary Sex Characters. — The phylogenyjof 
other secondary sexual characters is instructive when ^hsldered 



117 


SEX AND SECONDARY SEX CHARACTERS 



in relation to the apparent phylogenies of the various species 
Although the more familiar frogs and toads have the prepollex 
region of the male covered with a nuptial pad, the prepollex itself 
or the adjacent digits may be modified into a spine or “dagger” 
in other speciev"" In P etropedetes newtoni the metacarpusTrfThe 
first digit is enlarged, spikelike, and protrudes through the skin 
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sexual chara^teA^'^ Thf fore3b^ different secondary 

compared with the forelimb of H. ro„ersi (B), aeen froml;"::m1rn“p^et! 


as an effective instrument for holding the female fFiv 
n Telmaiobius jelskii the same element is enlarged In Dis 

Md wTh t '' “ Leptodactylus ocelLtus it is 

bifid with two spines. In other frogs it is the prepollex which is 

^ recurved spine. There is no evidence 
example, in the recently described “Banana F^” of Ea^t 

cl^eTtVthfmale the 

of Tarie Ho ! H<^Vlophryne uluguruensis and another cluster 

(FigTA) straT hand 

l^ig. 41A). Such a formidable array of spines rarely occurs in 
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any frog, and one would imagine that this diminutive frog was 
amply equipped to hold his own with any struggling female. 
But in the closely related Hoplophryne rogersi of an adjacent 
mountain range, the rudimentary prepollex of uluguruensis 
has enlarged to form a formidable spine (Fig. 41B). 

; An equally convincing case of the discontinuous nature of 
/ prepollex region modifications in frogs is seen in the hylids of 
1 Santo Domingo. There is considerable evidence to show that 
these species represent a closely related group which evolved from 
_ a single stock. Nevertheless, the prepollex region is differently 
modified in each species. Three species have dermal 
spines, and in Hyla heilprini alone a formidable prepollex 
“dagger” appears. Equally interesting is the fact that the 
prepollex of the not closely related Hyla maxima and its allies 
of South America is hypertrophied into a similar recurved dagger 
in the male, as well as in Hyla pollicaris of the Bismark 
Archipelago. Further, a similar enlarged prepollex appears in 
the male of the brevicipitid Phrynella pollicaris and the ranid 
Rana holstii. Since species with and without the daggers are 
not known to hold their hands in a different manner, the case seems 
exactly comparable to the change in pupil form in the same hylas 
of Santo Domingo. As pointed out in the previous chapter, 
one species has developed a radically different shape of pupil and 
a similar modification has independently evolved in a different 
stock of tree frogs. 

Many other cases of parallel evolution, or, better, the appear- 
ance of the same modification in not closely related species, may 
be found among the secondary sexual characters. For example, 
a sharp, recurved spine appears on the proximal end of the 
humerus in Hyla humeralis but in none of the closely related 
species of the same region, while an identical spine reappears in 
the male Centroleiie o'n the other side of the world but is not 
found in any of its relatives living in that region. All plethodon- 
tid salamanders possess hedonic glands which serve to attract 
the females (Chap. XVI). These glands usually manifest 
themselves as a swelling on the chin, or as a scattering of enlarged 
glands on the lower eyelid, or along the cheeks of the male. In 
Eurycea muUiplicata they form a prominence on the dorsal surface 
of the'tail base which appears even in the male larva (Fig. 42C). 
An apparently homologous glandular appendage develops above 
the base of the tail in Salamandra catccasica and S. litschani, 
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members of a different although ancestral family. Turning to 
the Sahentia, many cases of glandular hypertrophies are found 
in the male sex but none is known to play any part in attracting 
the female. All species of Cycloramphus (Fig. 42B) have gland- 
ular pads in the inguinal region, and similar but more extensive 
glands appear on the sides of the body of Hyla rosenbergi. Pelo- 
bates has a pad of glandular tissue on the outer side of the upper 
arm where it could not function in the embrace, and a similar 
pad crops up in many species of Rana (the Hylorana group) 
In the African tree frogs, Leptopelis rufus and L. aubryi, a pair of 




mass at the taif blsl^f the mile The glandu 

the female. The functional ^ 

of the m&\e Maniidactylua luieolus ( A'i Jjypertrophied glands on 1 
region of the male 


glandular patches appears on the chest of the male and would 
be assumed to function in holding the femel. r t 

.tot , i f, ‘’5'°'’"^^ Cophophryne, and some Megalophrys), a 

tte tTotir .haracters by the female, but 

tree frog, and hence presumably represent the primaive eondi: 
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tion. In this connection we might compare the inguinal glands 
of Cycloramphus with those of Pseudophryne guentheri. In the 
latter they appear in both sexes, but most developed in the large 
females. In Bufo punctatus the paratoid glands, which would seem 
to have no direct role in the breeding process, are most pronounced 
in the male. Whatever may be the function of these' various 
glandular hypertrophies it is interesting that they crop up in 
unrelated families, sometimes in both sexes and again only in one. 

The males of many species of the neotropical frog, Leptodacty- 
lus, develop a pointed snout with a horizontal ridge along the 
upper lip during the breeding season. This strange modification 
of the head into a veritable spade is apparently correlated with 
the practice of digging holes near the edge of streams or ponds 
in which the females, attracted by the calls of the male, may come 
and lay their eggs. It is interesting from the phylogenetic 
standpoint that a very similar modification of the snout reappears 
in Batrachylodes vertehralis, a frog of a very different family 
living on the other side of the world (Mertens, 1929). This is 
another instance of similar secondary sexual modifications 
reappearing in unrelated groups. It is exactly comparable to 
the occurrence of balloon-like external vocal pouches on each 
side of the lower jaw in diverse species of Leptodactylus, Hyla, 
and Rana. 

Have these secondary sexual characters come into existence 
by a slow progressive change and do they represent only the final 
stages of specialization left on the earth today? This may be 
true in some but not in all cases. For example, the European 
t.0^3, Bombina homhina and B. variegata^ are very closely related 
and yet only the former possesses vocal pouches (Mertens, 1928). 
Again one of the most bizarre secondary sexual characters is 
found in the African Peiropedetes newtoni. Here the columella is 
thrust through the drum of the male and, covered by the derm, 
it forms a prominent projection (Fig. 40C). There are five 
species in the genus but only newtoni exhibits this peculiar struc- 
ture. P. newtoni agrees with many other Salientia in that it has 
apparently suddenly developed a very distinctive type of second- 
ary sexual character. The modification is further surprising in 
that the eardrum shows very little sexual dimorphism throughout 
the Salientia. In the Bullfrog, Rana calesbeianaj the Pond Frog, 
Rana clamitanSf and allied species, the eardrum of the male is 
distinctly larger than that of the female (Fig. 43). This is a 
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case where a secondary sexual character is found throughout an 
alhed group of species and stands in striking contrast to the 
conditions in Petropedetes. Why the male frog would have need 

OT R innrp 1 \^ _ ji <* « . 



Fio. 43.— Sexual dimorphism in the Bullfrog, Rana calesbeinnn * 


Relation of Secondary Sexual to Somatic Characters —The 
secondary^al characters of Amphibia are highly discontinu-^^I^ 
m their occurrence. Further, almdst identical - modifications 
may _ appear in unrelated groups.' The only adequate theory 

1^ that T '""T ! character 

18 that they are due to gene mutating which occur either in the 

se^hromosome or in the autosomes but in the latter case can 

come to expression only in the male or the female body as the 

case may be. Natural selection~has tended to preserve thosp 

mutatioM which facilitate sexual umon, but just as iu the case 

of the somatic changes some mutations have given rise to 

neutral characters those which are neither harmful nor „Sl„Y 

but wtueh are ciarried along by the_hererlit.ry stream. Them 

are several possible ways by which a sex-linked or sex-limited 

character may lose this bondage to one sex and appear in ^th 

Genetic evidence as to the nature of this change is lacking for the 

Amphibia Nevertheless, the fact that this cLnge has occurred 

not once but many times in Amphibia as well as in other verte- 

Slcterr' -gin of certain somatic 

This point of view may be made clearer by further illustration 

the large D. quadra-maculatus to the small D. fusc^ ochropLm 
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and D. fuscus carolinensis, the male exhibits an increasing ten- 
dency to lose its vomerine teeth in adult hfe and to reduce the 
antenor part of the parasphenoid tooth patches. Leurognathus 
marmorata intermedia, which has been derived from D. quadra- 






Fig. 44. The reappearance of male characters in both sexes of other species. 
The nuptial spines, usually characteristic of the male frog, occur in the female 
Crossodaclylus gaudichaudii {A) nearly as well developed as in the male {B). 
The vomerine teeth are lacking in the male Desmognathua fuscus {D) but present 
in the female iE). In the related Leurognathus marmorata marmorata (C) both 
sexes lack vomerine teeth. The skulls are viewed ventrally, the forelimbs 
dorsally. Pt., parasphenoid teeth patches; Vt., vomerine teeth. 

maculaiuSf has the vomerine teeth absent in the males like the 
more advanced species of Desmognathus. In L. m. marTnoraia 
this loss occurs in both sexes and is called a “specific character” 
(Fig. 44). The loss might be considered an adaptation to aquatic 
life except that the terrestrial D. f. carolinensis and the aquatic ' 
L. m. intermedia both show the initial stage in tooth loss. Again, 
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au species of Eurycea hypertrophy the teeth in both jaws from 

short b,cusp.d teeth, oh„acbtristi. of most met.moTpho™ d 

phibia, to elongate monocuspid ones (Fig. 45). It had 
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have the premaxillary teeth Lngate Plethodontids 

more or less forward (fZ 46? A ’ and directed 

modification was found in courtship f the latter 

1929) where du.ng the initial 
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with his snout. No males, however, opened their mouths during 
any phase of the courtship and no biting was observed even in 
cases where courting pairs were crowded together in a small 
aquarium. Hence the elongate maxillary and dentary teeth of 
Eurycea seemed to have no specific function. In the related 
Gyrinophilus no sexual differences in dentition appear. In 
G. porphyriticuSj the purple salamander, the teeth are all bicuspid. 
In the closely related G. danielsiy however, the teeth of both jaws 
are elongate and monocuspid. There is no evidence that these 
two species of Gyrinophilus differ essentially in feeding habits, 
and yet there is nearly as much difference in their dentition as 
between the two sexes of Eurycea. If the elongation of the 

teeth in the latter is merely 
due to neutral” genes which 
happen to be sex-linked or 
sex-limited, the occurrence of 
a similar modification in both 
^ .T,. , w . sexes of G. danielsi would 

Fio* 46. — The male Manculus quad^ r j • -i 

ridigitatus has the naso-labial grooves SCem tO bc duC tO similar 

of each side extended into a cirrus. As genes which, however, have 

in many other plethodontids, the pre- ■ j j xi.* i* i 

maxillary teeth are elongated, directed avoided this linkage. An 

forward, and exposed during the breed- apparent difference is never- 
ing season. thelcss to be found in the 

genesis of the teeth, since those of the male Eurycea fluctuate 
with the season and are apparently under the control of the 
sex hormone, while those of Gyrinophilus are not known to be 
influenced by hormones. 

The modification of the teeth of vertebrates is generally 
believed to be closely correlated with changes in food habits. 
Nevertheless, the most extreme types of dental modification in 
Amphibia fail to show this correlation. Many cases of dental 
change in the evolution of the frogs resemble those of urodeles. 
For example, in the ranid DimorphognaihiLS africanus (Fig. 40B) 
the premaxillary and maxillary teeth in the female are of moder- 
ate length and bicuspid; those of the male are long and mono- 
cuspid as in Eurycea. True teeth are lacking in the lower jaw 
of Dimorphognathus as in all other ranid frogs, but this species 
has hypertrophied the margins of the prearticular bone into a 
series of pseudoteeth (Noble, 1922; Fig. 3). The similarity of 
this sexual modification of teeth with that of Eurycea extends 
even to a certain seasonal fluctuation in the form of the teeth in 
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the upper jaw. No male frogs are known to fight with their 
teeth for the possession of the female, nor do rubbing movements 
of the jaws as in Hydromantes (Fig. 47) play any part in court- 
ship so far as is known. Hence, as in the case of Eurycea, a func- 
tional significance for the dental hypertrophy is doubtful. 
Nevertheless, the same apparent changes in linkage seen in the 
plethodontids occur in frogs. In the neotropical Hemiphractus 
and Amphodus, the dorsal margin of the prearticular is hyper- 
trophied into a row of pseudoteeth in both sexes. Hemiphractus 



Sis'period <=hin and teeth during 


goes farther than Dimorphognathus in the development of excess 

bony growths, for its whole skull has become evolved in a gro- 
tesque casque of secondary dermal bone. 

The exact form of the tooth varies with the species in both 
frogs and urodeles, although tooth characters have been rarely 
used m defining species. The hypertrophy of the teeth is not 
always correlated first with one sex and later with both. In 
Ceratophrys the smaller species have bicuspid teeth in both 
sexes; the larger, monocuspid elongate ones. In young speci- 
mens of the large species such as C. dorsata, the teeth arise as 
monocuspid structures. A similar loss of one cusp, apparently 
e outer, occurs in the phylogeny of Aneides; the smaller species, 

WeT’ ^ period, the 

On developing many monocuspid teeth directly. 

"I K ’ both frogs and sala- 

have bicuspid teeth, and small species, such as Leptopelis 

have elongate monocuspid ones, showing that there is no correla- 
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tion between body size and tooth form throughout the Salientia. 

Although dental modifications may or may not be sex-linked, 
the question arises: Do structures well known to be functional 
in the male ever appear in the female of another species where 
they cannot possibly have these functions? The best-known 
peculiarity of the male frog is the cluster of asperities which 
appear on his thumb during the breeding season. These organs 
serve to maintain the grip of the male on a struggling female and 
consequently would have no use in the latter sex. Nevertheless, 
in Cvossodcictylus QQ-udichaudii conspicuous black spines appear 
on the thumb of the female and while they are usually not quite 
so large as those on the male they are frequently more numerous 
(Fig. 44A). Similarly, a large frog from Okinawa Island was 
taxonomically isolated from the related species of Rana by 
creating for it the name “Babina” merely because the female 
frequently has its dagger-like prepollex as well developed as in the 
breeding male. These cases of the appearance of male characters 
in the female are directly comparable to the development of 
horns in the female caribou. Characters which are sex-linked 
or sex-limited in one group need not be so in another. 

Discontinuous Evolution. — One of the striking features of the 
secondary sexual characters of Amphibia is the way apparently 
useful modifications are given up once they have been acquired. 
For example, the male Desmognathus phoca has not only larger 
maxillary teeth than the female but the lingual cusp is directed 
posteriorly. Such a modification would apparently assist the 
male in holding his grip on struggling prey, j In the more advanced 
D. fuscus caroUnensiSf however, the maxillary teeth are broadened 
and the elongate cusp has been given up. Further, in a local 
race of D. /. caroUnensis which has been given the subspecific 
name of imitator j the maxillary teeth of the male may revert to 
the form of D. phoca. The Plethodontidae exhibit other instances 
of the same shuffling of characters.” The primitive Eurycea 
has monocuspid premaxillary teeth as previously described. In 
the terrestrial Plethodon, a more advanced type, the males of 
the larger species fail to show this modification. In the small 
P. cinereas which was apparently derived from one of the larger 
species (Dunn, 1926) the character has reappeared again although 
on a different plan, for while the tooth is elongated, the outer 
cusp is longer than the inner. Batrachoseps and Hemidactylium, 
which were apparently both derived from Plethodon, have 
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redeveloped the character in its typical form. Some western 
species of Plethodon have the teeth monocuspid but directed only 
slightly forward. If we assume that the larger species of Pletho- 
don represent the primitive condition for the genus, both Batra- 
choseps and Hemidactylium may be described as having 
redeveloped a secondary sexual character found in Eurycea. 

Many of the secondary sexual characters of Amphibia, espe- 
cially modifications of the tooth form, skin texture, body propor- 
tions, frontal enlargements, appendage form and length, body 
coloration, and habits find close analogies in the sexual modifica- 
tion of fish. Further, many fish and reptiles show the change of a 
character from a sex-linked or limited one to a character of both 
sexes. Familiar examples may be found in the horns of Chame- 
leons which in some species occur only in the male; in others, in 
both sexes, although the utility in either sex is very doubtful 
(Hilzheimer, 1913). Some mammals have horns in one sex and 
others in both and again the value of these structures in the 
struggle for existence has been doubted by competent mammalo- 
gists. The theories of Cunningham (1908) and Champy (1924) 
fail when one attempts to trace the phylogeny of secondary sexual 
characters; further, the experimental evidence lends little support 
to their views (Morgan, 1919). Secondary sexual characters 
apparently owe their origin to gene muta tiops: those characters 
which happen to be, useful in the_breed57rocess are retained 

b y jatural selecti o n. As in_the_caseormaHyspidfi^ characters 

a £^rallel_chang^ may occur in a not closelv related .rmnn- 
further, many characters seem to-havTli5-brnction but when 
not harmful have been retained in association with more useful 
mutations. Since the same character may appear in one sex 
of one species and in both sexes of another, the utihty of such a 

H ° ^ ^“'^btful. On the 

tharm!nv presents further evidence 

definito tonoT' J^'-^^ters have arisen without relation to 
definite functions. Since Darwin’s time, characters have been 

isrLT? Where natural- 

data wp that the 

that a «t“dies have shown 

animal s body, producing changes in certain organs which render 

these more efficient while they render otl.er= i render 

snrvivQi ^ renaer others less important in 

.umval. The genee, moreove,, transmitted together in 
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groups. Hence, any mutation of great survival value might be 
transmitted with a number of genes which produce distinctive 
modifications but neutral ones in the struggle for existence. It 
is important to consider these neutral characters, for upon a 
change of environment or habit they may become highly adap- 
tive. Amphibia in both their secondary sexual and somatic 
characters are preadapted by gene mutations to new conditions 
of living many of which conditions are never realized by any 
particular species. 


References 

Appelrot, S., 1930: Sex and seasonal variations in excitability of the 
cardio-inhibitory mechanism of frogs and toads, Amer. Jour. Phys., 
XCV, 242-249. 

Boulenger, G. a., 1897: “The Tailless Batrachians of Europe,” Part I, 
London Ray Soc. 

, 1912: On some tree-frogs allied to Hyla caerulea with remarks on 

noteworthy sexual characters in the family Hylidae, Zool. Jahrb. Suppl., 
15, I, 211-218. — 

Champy, Ch., 1924: ”Les caract^res sexuels considdrds comrne ph(^nomenes 
de dcveloppement ct dans leurs rapports avee Thormonc sexuelle,” Paris. 

Chauvin, Marie von, 1883: Die Art der Fortpflanzung des Proteus angui- 
neus, Zeitschr. Zool., XXXVIII, 671-685. 

Crew, F. A. E., 1927: ”The Genetics of Sexuality in Animals,” Cambridge 
Univ. Press. 

Cunningham, J. T., 1908: The heredity of secondary sexual characters in 
relation to hormones, a theory of the heredity of somatogenic charac- 
ters, Arch. Eniw. Meek., XXVI, 372-428. 

Dauvart, a., 1924: Ein bis jetzt unbekanntes zyklisches Geschlechts- 
merkmal der Batrachier; Saisonvariation des Vorderextremitiiten- 
skelettes des Frosches, Arch. mikr. Anat. Eniw., CIII, 504-516. 

Dunn, E. R., 1924: Some Panamanian frogs, Occ. Papers Mus. Zool., Univ. 
Mich., No. 151. 

, 1926: “The Salamanders of the Family Plethodontidae,” Smith 

College, Northampton, Mass. 

Fisher, A. O., 1905: Marked differences between the skin of the male and 
that of the female frog, Proc. Aas. Amer. Anal., 18th Session, XIV, 
inserted in Amer. Jour. Anal., IV. 

Gaule, J., 1900: Uber die geschlechtliche Differenz der Muskein bei 
Froschen, Arch. ges. Physiol., LXXXIII, 83-88. 

Harms, Jurgen W., 1926: “Korper und Keimzellen,” Berlin. 

Hilzheimer, M., 1913: “Handbuch der Biologic der Wirbeltiere,” Stuttgart. 

Kahn, R. H., 1919: Ein neues Geschlechtsmerkmal bei den Froschen, 
seine anatoraische Grundlage und seine biologische Bedeutung, Zool. 
Am., L, 166-169. 

Handler, Rudolf, 1924: Die sexuelle Ausgestaltung der Vorderextremitat 
der anuren Amphibien, Jena. Zeitschr., LX, 176-240, 2 pis. 



SEX AND SECONDARY SEX CHARACTERS 


129 


Klier, a,, 1926: Die Art- und Geschlechtsunterschiede am Becken und 
Ober- und Unterarmknochen bei Hana temporaria und liana esculenta, 
Zeitschr. Anal. Entw.^ LXXX, 669-703. 

Klingelhoffer, W., 1930: “Terrarienkunde,” Lief. 13 and 14, Stuttgart. 

Komine, S., 1924: Metabolic activities of the nervous system; On the regular 
seasonal changes in the relative weight and the sex difference of the 
central nervous system of Rana nigromaculata, Sd. Rep. Tohoku Imp. 
Univ. Sendai.^ Japan Biol. Ser. I, No. I, 51-74, 

Kyle, Harry M., 1926: *‘The Biology of Fishes,” New York. 

Leeuwen, W. D. van, 1907 : tlber die Aufnahme der Spermatophoren bei 
Salamandra maculosa Laur, Zool. Anz., XXXI, 649-653. 

Leydig, F., 1892: Integument brlinstiger Fische und Amphibien Biol 
Zeniralb.y XII, 205-221. 

Mertens, Robert, 1928; Zur Naturgeschichte der europaischen Unken 
(Bombina), Zeitschr. Morph. Okol, XI, 613-623. 

, 1929: Herpetologische Mitteillungen, XXIII-XXV, Zool Anz 

LXXXVI, 58-68. 

A4organ, T. H., 1919. The genetic and operative evidence relating to 
secondary sexual characters, Carnegie Inst. Wash. Pub., No. 285. 

, 1926: '‘The Theory of the Gene,” Yale Univ. Press, New Haven. 

Nakamura, T., 1927. ^tude anatoino-comparitive, embryologic|ue et 
embryo-m^canique de la papille cloacale des Tritons, Bull Biol. 
France et Belgique, LXI, 333-357. 


Noble, G. K., 1922: The phylogeny of the Salientia; I, The osteology and 
thigh musculature; their bearing on classification and phylogeny, Bull. 
Amer. Mus. Nat. Hist., XLVI, 1-87. 

, 1925: The integumentary pulmonary and cardiac modifications 
correlated with increased cutaneous respiration in the Amphibia* a 

solution of the “hairy frog” problem, Jour. Morph. Physiol XL 
341-416. j 


, 1929. The relation of courtship to the secondary sexual characters 

of the two-lined salamander, Eurycea bislineata, Amer. Mus Novit 
No. 362. * ” 


Noble, G. K., and E. J. Farris, 1929: The method of sex recognition in the 
wood frog, Rana sylvatica, Amer. Mus. Novit., No. 363. 

Pope, C H . 1931: Notes on amphibians from Fukien, Hainan and other 
parts of Cluna, Bull. Amer. Mus. Nat. Hist., in press. 

Pycra™, W. P- 1914: “The Courtship of Animals,” 2d ed., London. 

Rose Waeter, 1929: “ Veld and Vlei: An Account of South African Frogs, 
loads, Lizards, Snakes and Tortoises,” Cape Town. 

Saller. K., 1927: Die Geschlechtsverschiedenheit am Skelett von Rana 
temporaria. Arch. Entw. Mech., CX, 450-527. 

Storer Tracy I., 1925: A synopsis of the Amphibia of California, Univ. 
Calif. Pub. Zool, XXVII, 1-342, 18 pis. 

Ueki, T 19^: On the sexual differences in the newt Diemictylus pyrrho- 
gaster (Boie), Sm. Rep., Tohoku Imp. Univ., Sendai (4) V, 133-152 

Yunge E., 1907: Des variations de la longeur de I’intestin chez la Gren- 

ouUle, Compl rend. Acad. Sd. Paris, CXLV, 1306-1308 

Zepp P., 1923: Beitr^e zur vergleiehenden Untersuchung der heimischen 
l^roscharten, Zeitschr. Anal. Entw., LXIX, 84-180. 



CHAPTER VI 


THE INTEGUMENT 

Amphibians are provided with a soft, moist skin which, except 
for that of the caecilians, is devoid of scales. The fish ancestors 
of the Amphibia possessed scales and these were retained in 
many of the first tetrapods. Some microsaurs possessed scales 
over most of their body, and the caecilians seem to have inherited 
this condition directly from them. Within the caecilian group a 
reduction of the scalation has occurred, some genera retaining 
scales only on the back and~other^s lacking them entirely. The 
scales of caecilians are small, averaging about 1.5 mm. in diameter. 
They are hidden under the skin and not visible but, when revealed 
by a needle, are found to resemble inTorm and sculpture one of 
the types of scales found^among the labyrinthodonts. In some 
fish, scales are fornieJTate in development, while in branchio- 
saurs and caecilians they do not appear until the time of 
metamorphosis. ^ “ 

A few extinct types, notably the labyrinthodont Dissorophus, 
had bony plates along the back. A secondary deposit of bone 
occurs in the skin of the head or back in various modern Salientia, 
especially in burrowing pelobatids, bufonids, and hylids. As most 
frogs use their hind legs and not their head in burrowing, it has 
been claimed that the bony casque may act as a plug to the 
burrow. A similar bony deposit has been found in species which 
are not known to burrow, however, and no satisfactory explana- 
tion has been given of either the origin or the function of these 
bony deposits. The modification reaches its extreme in the 
diminutive Brachycephalus, where the dorsal plate fuses with 
the underlying neural spines, and in the grotesque Triprion, where 
the bony growth distorts the face in an extraordinary manner. 

The integument is far more than a wrapping around the body; 
it is an organ of many function^ TTufing early embryonic life 
the integument is represented merely by the ectoderm. Cilia 
develop on its outer surface and th^ serve to pass a current 
of fluid continuously over the embryo. The direction of beat is 
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determined very early and is continued even when the ectoderm 
is isolated from the underlying tissues (T witty, 1928). 

Um^ellular Glands. — Shortly before hatching, a series of uni- 
cellular glancls-'abpear on the snout of tadpoles and probably all 
urodele larvae. They may extend along the back of some frog 
embryos (Saguchi, 1915). I n Xenopus (Bles . 1906), Alytes 



Fio. 48.-~The hatching of Alytes. the midwife toad. As in the case of other 
Sahentia. the tadpole escapes from the egg by digesting its way out. A. Section 
of the frontal orpn or digesting glands just before hatching. B-E., Several 
stages in the hatching process; H.G.C., hatching gland cell; S.C., supporting cell 


(Noble, 1926), the axolotl (Wintrebert, 1928), and Amhysioma 
opacum (Noble and Brady, 1930), it has been.^hQwiL.that these 
glands function in producing a secretion which digests the egg 
capsule and frces_t^ embryos, _ It is due to the early develop- 
ment of these unicellular glands (Fig. 48) that some frog tadpoles 
hatch in a very immature condition. 
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Before the larva hatches, more or less of the ectoderm has 
developed two layers of cells and is now designated as epidermis. 
At the same time it has become closely attached below to a 
membranous corium, or dermis, of mesodermic origin. The 
epidermis of urodeles develops a series of large, glandlike cells 
(the Leydig cells), which seem homologous with the clavate cells 
of fishes and which may serve to ward-pflf infection (Wilder, 
1925), although they 'are rarely seen discharging their secretion 
(Dawson, 1920). Iti caeoi^ns t hey frequently discharge on the 

surface (Sarasin, 1887) The tadpoles of Salientia lack these 
Leydig cells-entirely. ' 

Comparison with Fish. — The chief evolutionary advance 
shown by the integument of the Amphibia over that of the fish 
is the development of alveolar and, in some cases, of tubular 
glands. There are two types of alveolar glands common to the 
three orders of Amphibia. The first comprises the mucous 
glands, which secrete a transparent substance to serve as a 
lubricant in the water and to keep the skin moist on land. Mucous 
glands are widely spread over the body and never reach a large 
size, although under slight stimulation they produce a copious 
flow. In some species, as the Slimy Salamander, P, glutinosus, 
the secretion may be sticky. The second category embraces the 
granular glands, which produce an acrid secretion, very injurious 
to mucous membranes of the eye and mouth. The granular 
glands usually require considerable stimulation to produce their 
thick, milky secretion. They are often of large size and clustered 
in pads such as in the paratoid glands of the common toad, or in 
ridges, as along the back of many species of Rana. In terrestrial 
salamanders they may form warts, as in Tylototriton, or merely 
thickened portions of the integument of back and tail, as in 
Plethodon. — - 

It has been claimed that mucous and granular glands are 
merely different growth stages of one type of gland. Blut 
Proteus develops only mucous glands, and various tadpones 
such as those of Ascaphus may develop granular glands alone. 
Further, there are marked differences in the histological structure 
of the two glands (Dawson, 1920), the secretion of the mucous 
glands staining with basic dyes, and never assuming the form of 
granules, while the secretion of the granular glands stains readily 
with plasma dyes and has a granular appearance (Fig. 49). 
Both glands develop from the epidermis and in many species 
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do not appear until shortly before metamorphosis. The 
granular glands become surrounded by a muscular sheath 
of epidermal origin, while the mucous glands in various species 
remain without this cover. Both lie, for the most part, in the 
corium which during development increases in thickness and 
differentiates into three layers, the inner and outer layer being 
more compact than the middle one. Besides glands, connective 
tissue, and blood vessels, there is considerable smooth muscle in 
the corium. 





oi the skin from the dorsal surface of the tail base of 

"''nr'rr capillary z> 

dermis, DL, duct of exhausted granular or poison gland; E epidermis- H Gl ’ 
hedonic gland (cut to one side of main axis); ^f Gl mucous irlanH ^ " 

Phore; P.Gl.. poison gland; R.Gl.. developing poison gTand " ' ’ 


Poison Glands.— The granular glands of Amphibia protect 
their owner from being devoured by many possible enemies. 
1 he western hewt, although terrestrial for a large part of the year 
is rarely eaten by either birds or mammals (Storer, 1925). The 
poisonous properties of the glands have been studied critically 
especially m European and South American Salientia (Phisalix’ 
1922), but these properties do not always protect many toads 
and salamanders from being eaten by snakes or even by 
other Amphibia. Secretion from both the mucous and the 
granular glands of many species is poisonous. Phisalix (1918) 
found that the mucus of H ydromantes italicus when injected into a 
frog was more poisonous than the secretion of the granular glands. 
Nevertheless, the chief function of the mucous glands is to keep 
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the skin moist, while that of the granular type is to protect the 
possessor against being devoured. Toads, or other Amphibia, 
cannot give warts and usually their secretions have no effect on 
the unprotected hand. The West Indian Hyla vasta and the 
African PhTynofyicTus hifascicitci have been found under certain 
circumstances temporarily to inflame the hands of the collector. 
Both of these species produce great quantities of milky secretion. 

Mucous glands of Amphibia function on the least excitation, 
while the milky secretion of the granular glands requires pressure 
or injury. The secretion of the mucous glands is usually color- 
less in Amphibia, but it may be mauve rose as in Discoglossus 
or brown as in the Mexican axolotl. The blue secretion recently 
reported in a West Indian Eleutherodactylus (Dunn, 1926) 
apparently came from mucous glands. The toxic substance of 
mucous glands seems independent of the amount of mucin 
released. The mucous secretions of Proteus and Siren are 
innocuous, while that of many newts and frogs has an irritating 
effect on eyes or nostrils when brought near them and a very 
disastrous result when injected into the digestive tract of animals 
(Phisalix, 1922; Biedermann, 1930). 

The granular glands produce a secretion which is usually much 
more toxic than that of the mucous glands. In the toad this 
secretion may contain more than one poisonous constituent. 
Faust isolated bufotalin, giving it an empirical formula of 
C 34 H 460 io* Bufotalin appears to be an oxidation product of 
bufonin, a weaker poison, which apparently conditions the milky 
appearance of the gland secretion. Abel and Macht (1912) 
described bufogin, assigning to it the formula C 18 H 24 O 4 . Both 
bufotalin and bufogin resemble digitalis in increasing the tonicity 
of the heart, eventually leading to its stoppage. Administration 
of the secretion of the granular glands of toads to the stomachs of 
higher vertebrates causes nausea, a weakening of respiration, and 
muscular paralysis. The secretion brought in contact with the 
eye produces a serious inflammation. 

The poisonous secretions of salamanders have also been 
analyzed chemically. Three alkaloids have been extracted from 
the granular glands of Salamandra. Samandarin, with the 
formula C 26 H 40 N 2 O, affects the respiratory centers in the central 
nervous system of dogs, but it is apparently not so abundant in 
S. salamandra as another weaker alkaloid which has been given 
the name “samandaridin.” The poison from the granular 
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glands of Salamaruira atra differs from that of S. salamandra and 
is called “samandatrin.” These alkaloids have the same effect 
as the natural poison. 


Toad skins are used as medicine by the Chinese, and 
their therapeutic value may not be wholly psychological. 
Abel and Macht discovered adrenahn in the paratoid glands 
of the toad. Apparently adrenalin was not secreted as such 
by the gland, but resulted from a chemical change within 
the mature secretion (Shipley and Wislocki, 1915). It is, never- 
theless, remarkable to find adrenalin in an external secretion 


Species differ enormously 
in the virulence of their 
poison. It has been noted 
(Wright, 1914) that the 
common Pickerel Frog, R. 
palustriSf will frequently kill 
other species of frogs carried 
home in the same jar with it. 
Many of the most brightly 
colored species, especially 
those marked with yellow 
and red, have been found to 
be highly poisonous, but 
bright colors are not always 
linked with virulent secre- 
tions. Brazil and Vellard 
(1926) found that the dull- 
colored Ceratophrysamericana 
has a virulent poison, while 



F’r. Ep. 

Fio. 50. — Diagram of a longi- 
tudinal section of the toe of a tree 
frog, showing the tree-climbing 
mechanism. Fr.Ep., friction surface 
of pad with its wedge-shaped super- 
ficial cells; I.C., intercalary cartilage; 
P.Gl., friction pad gland. 


the gaudy C. dorsata has innocuous skin secretions. The 

large Leptodactylus pentadaclylus has bright thighs, but it 

lacks the highly poisonous secretions of the drab-colored Bufo 

mannus. The latter species produces one of the most virulent 

poisons known among the Amphibia, one that frequently kills 

dogs which have not learned to leave the toad alone. Whether 

or not because of this poison, the Marine Toad is almost ubiqui- 
tous in the American tropics. 


Some species of the neotropical brachycephalid toad, Dendro- 
bates, are bright green or pink, spotted with a dark tone. Their 
secretions are used by Indians of Colombia as a source of poison 
for their arrows. Whether these species are more poisonous than 
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other less conspicuous forms of the same genus is unknown. 

Gadow (1901) points out that toads of this genus are used to rub 

on the growing feathers of parrots to change them from green to 
yellow. 

Other Glands —The mucous glands have apparently given 
rise to a number of hypertrophied and often tubular glands of 
special functions. Of these, the' best known are the glands on 
the thumbs or chests of various male Salientia during the breeding 
season. Their secretion is more granular than that of ordinary 
mucous glands and helps the male to maintain by adhesion his 

grip on the female. The toes 
of tree frogs are equipped with 
pads which are not suction devices, as 
frequently stated, but elaborate fric- 
tion and adhesion mechanisms (Fig. 
50). The superficial cells of the 
epidermis are more or less free 
one from the other and project 
as so many short bristles against 
the substratum. The pad is sup- 
plied with a complex series of 
tubular glands which pour their 
adhesive secretion on the surface 
of the pad. 

Mucous glands have apparently 
given rise durigg phylogeny to another 
type of gland of totally different 
functions. The male Plethodontidae 

t 

develop glands having a slightly 
granular secretion which apparently 
serves t(^ attract the female. A 
patch of these glands on the chin usually becomes enlarged 
to form a conspicuous pad (Fig. 51). — 

The Plethodontidae are characterized by a naso-labial groove 
which serves to free t^ njastril from water (Wilder, 1906). This 
groove is flushed by a battery of tubular and frequently branched 
glands which seem to represent merely a ventral extension of the 
glandular area surrounding the nostril orifice of the species 
(Fig. 52). The latter cluster of glands keeps the nostrils of 
Amphibia free from water and dirt. 



trophied naso-labial glands, 
and the elongated premaxillary 
teeth are characteristic of the 
males of several plethodontid 
salamanders including Oedipus 
adspersa, viewed here from the 
ventral surface. 
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Odors. Many frogs and salamanders have distinctive odors. 
The Mink Frog, Rana septentrionalis, receives its local name 
from its odor. The Marsupial Frog, Gaslrotheca monticola, has a 
peculiar pungent smell, also reminiscent of that of a mink. It is 
noteworthy that while the two pelobatids Pelodytes and Pelo- 
bates, have the odor of onions (Boulenger 1911), the obviously 
unrelated Salamandra salamandra and Bujo vulgaris are both 
reported to smell like vanilla. The vanilla odor in Hydromantes 




rio. o2.— The ijaso-labial glands of plethodontid salamanders. The naso- 

the n ^ '^>'ich serves to free the nostrils from water in 

porM^rdicrtm" h Salamander, Gyrinophilus 

left the naso-lab.al groove ami lateral line organs. On the 

w th tL nL Iahr„l ^ 1 °! has been removed together 

With tho naso-Iabial glands and is viewed from the under surface C J coniimc 

rolb 

maxillarrbfne V / P ■ 1 'k ^ groove of the 

f'ramem O^/r ^ ^land within the premaxillary 


ilahcus IS produced by the granular glands (Phisalix, 1918). 
1 he odor of Hydromantes genei is a sweetish, penetrating odor 
which arises from these salamanders even when they are not 
andled. All odors appear to arise from either the secretions 
of the granular or mucous glands. Odors have not been reported 
from tadpoles or salamander larvae, and in most of these the 
glands do not become functional until shortly before metamor- 
phosis The mature tadpoles of Rana heckscheri, however have 
a peculiar sweetish odor. On the other hand, it is highly prob- 
able that odors undetectable by our olfactory mechanisms are 
present in Amphibia and play an important role in the economv 

aLdTtb'’r'Td gl"°ds of newts 

and plethodontid salamanders have no recognizable odor and yet 

con^tT'” attention of the female during 

Zt f will t courtship, one species of pletho- 

dontid will not court with another, and since the male has been 
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observed to nose the female before rejecting her, specific qualities 
of the skin secretions of the female are apparently recogniz- 
able by the male (Noble and Brady, 1930). No distinctive 
glands are present in the integument of the female and hence it 
is, apparently, the odor of the ordinary skin glands which must 
be acceptable to male plethodontids before they will begin the 
courtship. 

Horny Growths. — The epidermis during larval life is protected 
by a cuticular margin on the outer layer of cells. At metamor- 
phosis the epidermis usually increases in thickness and the outer 
layer of cells flattens and cornifies. It is interesting that some 
fish, such as Periophthalmus, which have adopted terrestrial 
habits should have developed a protective cover of horn (Harms, 



Fig. 53.— The larva of Onychodactylua japonicus, showing modification of the 
limbs for mountain-brook life. The tips of the digits are equipped with recurved 
claws and the broad fin occurs on the post-axial margin of the limbs. 


1929). The metamorphosis of the epidermis in Amphibia is 
not induced by drying as one might expect (Wilder, 1925), but is 
regulated by the thyroid hormone. Siren and Cryptobranchus, 
which are considered larval types, have succeeded in metamor- 
phosing their integument but not all of their other structures. 
They thus remain aquatic forms although equipped with a thick- 
ened epidermis, having the superficial layer cornified. 

A cornification of limited portions of the epidermis occurs in 
various larvae in a highly adaptive manner. The digit tips of 
various mountain-brook species of hynobiids, ambystomids, and 
plethodontids are covered with thickened and partly horny 
epidermal caps. In Onychodactylus larvae (Fig. 53) these 
cornifications are extended into sharp claws which have a great 
resemblance to those of lizards. Claws have been described in 
certain fossil Amphibia, but they are undoubtedly a new inven- 
tion within the Hynobiidae. Pointed clawlike caps cover the 
digit tips of the swamp-dwelling Siren as well as the tips of the 
three inner toes of the African pond frogs of the family Pipidae. 
The main part of the suction disc on the ventral surface of Stau- 
rois tadpoles is covered with tubercles which have a cornified 
margin. Most frog tadpoles are provided with a battery of 
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horny teeth which function as rasping organs (Fig. 54). Some 
tree-frog tadpoles which pass their larval life in water basins 
formed by the soft leaves of bromeliads exhibit a great reduction 
of the teeth, while various plankton feeders among the tadpoles 
have no horny teeth at all. Friction is well known to induce 
cornifications on the hand of man, but the importance of the 
mechanical factor in the development of tadpole teeth is by no 
means clear (Noble, 1929). 



Fig. 54.— Larval teeth of a Spade-foot Toad, 
of Scaphiopua holbrookii, showing modification of 
teeth. 


A section of the two tooth-rows 
single cells to produce individual 


Adult Amphibia frequently produce horny papillae over their 
heads or backs. In the males of many frogs and a few salaman- 
ders, these papillae may form patches on the thumbs, arms, chest, 
or even throat. The evolutionary history of these growths is 
discussed above with those of other secondary sexual characters. 
The epidermis of metamorphosed Amphibia is provided with a 
series of flask ceUs which hold the horny layer to the underlying 
sheets of epidermal cells. At the time of skin shedding they 
release a secretion and withdraw from the horny layer (Muhse 

1909; Dennert, 1924). Only the superficial layer of cornified 
epidermal cells is shed at this time. 

Molt.— Molting occurs periodically in metamorphosed 
Amphibia at varying intervals, frequently a month or more apart 
Ihe process may require a few hours or more than a day 
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Springer (1909) found in the case of the newt that the greater the 
quantity of beef fed the individual the more frequent the 
shedding. There may be a relation between the rate of growth 
and the number of molts, but in view of the fact that starving 
newts also molt the stretching of the epidermis cannot be the 
primary cause of molt. Irritating agents frequently induce the 
molting of salamanders. Since molting occurs on all surfaces 
of the body at one time, even when the irritation is restricted to a 
limited area, some mechanism for correlating the simultaneous 
action of the flask cells would seem to be present in the skin. 
The mechanism once set in action may induce a series of molts in 
rapid succession, as Wilder (1925) has shown. Since the number 
of cell layers in the epidermis of any one species varies only within 
narrow limits, the molting mechanism would seem to induce 
cell division in the deeper epidermal layers. Ruzicka (1917) 
and Adolph and Collins (1925) have presented evidence that the 
correlating mechanism was a chemical one. Since hypophysec- 
tomy prevents molting and leads to the development of a thick, 
horny layer in both toads and salamanders, molting would seem 
to be under hormonal control. The skin shedding of metamor- 
phosis is produced by the thyroid hormone (Chap. XIII). 
Thyroidectomy of adult newts (Adams and Richards, 1929) has 
the same effect as hypophysectomy, namely the piling up of 
cornified epidermal layers. Since thyroid grafts in the newt 
induce molting while anterior pituitary grafts have no effect 
when the thyroid has been removed, it would seem that secretions 
of the thyroid play an important part in the normal molting of 
this species (Adams, Richards, and Kuder, 1930) and apparently 
in Amphibia in general. 

Many terrestrial and some aquatic frogs and salamanders eat 
the shed skin. The swallowing is begun before the skin is fully 
shed and the movements of throat and forelimbs assist in peeling 
off the old skin, that of the limbs being turned inside out in the 

process. 

Skin as a Respiratory Organ. — Aquatic and forest-dwelling 
frogs and toads tend to have a smoother skin than species living 
in drier situations. There are, however, many exceptions to 
this rule, some of the thoroughly aquatic pipid toads having a 
rougher skin than many desert bufonids. In general, burrowng 
Salientia, such as Scaphiopus, Rhinophrynus, and Cacopus, have 

thinner and smoother skins than their epigean relatives, bmootn, 
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thin skins undoubtedly facilitate cutaneous respiration, but they 
are, of course, more subject to desiccation than thicker, more 
cornified ones. Some species of Bufo evaporate water through 
their skins as rapidly as Rana (Adolph, 1930), and in no amphib- 
ian does the skin retard evaporation to the extent found in the 
majority of reptiles. 

Amphibia with reduced lungs, and therefore dependent to a 
large extent upon cutaneous respiration, have either a very thin 
epidermis or have capillaries penetrating it until they assume a 
^sition near the surface. Some frogs during metamorphosis 
have a temporary penetration of capillaries into the epidermis to 
tide them over this critical period of adjustment to land life 
(Maurer 1898). The Cryptobranchidae have moderately well- 
developed lungs but they prefer to use the highly vascular 
skin folds of their bodies as veritable giUs, for the capillary 
diverticula in these folds penetrate almost to the surface of the 
thick epidermis and afford ideal conditions for cutaneous respira- 

e.Wh t thoroughly aquatic caecilian, 

exhibits a similar vascularization of the epidermis. 

Pigmentation.— The Amphibia are often attractively garbed 
in colors as bright as those of birds or reptiles. Although diffuse 
pigments may occur in the tissue of some Amphibiaf most of 
their varied colors are produced by different arrangements of three 

The°brimrt(,r * » combination of both 

Beneath the lipophores fre thZ (Schmidt, 1920). 

crystals of guan^i.^, 

menTLns.^*^ WhTn ^^^-l-Phores or dark'pig" 

green, for the raya of abort ^ u Pieces it appear 

cry...], o, guanine, .ho»t of b( t 
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black background of melanophores. The guanophores, if freed 



D 


Fio. 55. — Diagrammatic section of 
the skin of a tree frog during color 
change. A. Bright green. The lipo- 
phorcs are arranged over the guano- 
phores and the melanophores are 
partly expanded. B. Dark green. The 
guanophores are cylindrical and are 
nearly surrounded by the melanophores. 
C. Lemon yellow. Lipophores and 
guanophores irregularly arranged and 
the melanophores are greatly con- 
tracted. D. Gray. The lipophores are 
greatly flattened and some are squeezed 
between the guanophores. The latter 
are completely surrounded by the 
melanophores. Ep-t epidermis; Gii.^ 
guanophores; Li~, lipophores; A/e., 
melanophores. {After Schmidt.) 


of their lipophore cover, 
would appear blue for the 
same reason that the sky 
appears blue, namely because 
of the diffraction of light by 
small suspended particles. 
The rays at the blue end 
of the spectrum are more 
scattered than the rays of 
greater length. The scatter- 
ed rays include not only 
blue but also some green, 
indigo, and violet. In pass- 
ing back through the yellow 
color screen formed by the 
lipophores, the blue, indigo, 
and violet rays are absorbed 
and the green alone allowed 
to pass. Frogs thus appear 
green because, of the light 
which falls upon their skin, 
only the green rays escape 
absorption. 

Blue is a rare color in 
Amphibia but it occurs as a 
variation in Rana clamitans 
and normally in various other 
frogs. It is due to the same 
mechanism as green except 
that the lipophores are absent 
and the short blue, with some 
green, indigo, and violet rays, 
are reflected without the 
yellow screen to modify the 
result. 

Red is also not a common 
color in Amphibia. Red 
and yellow pigments are 
very closely allied and are 
produced by the same cell, 
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the hpophore. Some specimens of Salamandra salamandra 

or Ambystoma maculaium may possess red instead of the usual 

yellow spots, for mth\n a single individual some lipophores may 

assume a red tone without any change occurring in the others 

There is however, an alcohol-insoluble red pigment in the skin 

of some frogs (Ballowitz, 1930) which may prove to be chemically 

different from the pigment of lipophores. Cells which bear this 

pigment, so-called “allophores,” are found also in fish and 

reptiles and may possibly represent a fourth type of pigment cell 

he red specimens of Wood Frog and the yellow Triturus crislatus 

which have been found in nature owe their color apparently to an 

inherited defect in melanophore production. A more complete 

fadure to develop pigment leads to albinism, reported in many 
different groups of Amphibia. ^ 

nhnif “"i Change.-Many tree frogs rival the chameleons in their 
ability to change their color rapidly. Such changes are induced 



Fig. 56. Melanophorea of a froe Ran^i 
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podia. It seems clear from the work of Schmidt (1919), Sch- 
nakenbeck (1922), and others that a darkening is produced by a 
migration of pigmented cytoplasm within the mature melano- 
phore and th at fine, unpigmented processes are maintained evpn. 
in the contracted melanophore. W hen the me lanin has reached 
its furthest extension, the skin of this region appears black. 
In areas where the melanophores are numerous and crowded 
closely together, a permanent black spot is produced. We may, 
therefore, distinguis h between pig Ti^^nt due to the 

localization of pigment cells and pigment tones or rarely patterns 
due to the change in shape of the pigment cells under various 
external or internal influences. 

Many tree frogs can change from green__tD yellow; the melano- 
phores become fully contracted and fail to give the guanophores 
the necessary black background to permit them to show any con- 
siderable amount of blue. The lipophores change their relative 
position apparently by arfroehoidjnpyement (Schmidt, 1920) 
until they lie between, and in a few instances even below, 
the guanophores. The yellow j:aya-refieGted from the lipophores 
are more numerous than the blue from the gu anophore s, and 
the skin appears ydlow! InteFmediate tones bet^eijL-yfillow 
and green are produced acFording to The degree to which 
the guanophores function, while color tones between yellow and 
dark brown are brought about by an extension of the melanin 
in the melanophores. In the absence or feeble development of 
the lipophores, the color may vary from gray through bluish to 
black. Individuals frequently vary in the development of the 
lipophores. Thus, some specimens of Hyla versicolor readily 
change from green to nearly black, while others vary from ash 
gray to nearly the same tone without being able to assume the 
green color. Most Amphibia can darken or lighten their general 
body tone but few have the ability to undergo the rapid changes 
of color found in some tree frogs. When the guanophores and 
lipophores are branched, as in Rana esculenta (Schmidt, _1921}, the 
color is more diffuse.- — ^ 

Color change is induced by a great variety of factorSj^oth 
external and internal. Low temperature in mo^^mj^ibia 
causes an expansion of the melanophores'and"hence a darkening 
of the skin; high temp«;aturesjnduce^contraction, and ahght^- 

ing. De^icc^i^ and increased illumination have the same effec^ 
as high temperature, while humidity and darkness produce the 
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opposite results. In some Amphibia, such as the South American 
frog, Leptodactylus ocellalus, the effect of light is induced through 
iPteTh ie^ary of the eyes, for bhnded animals fail to respond 
to increased illumination (Houssay and Ungar, 1925). In 

Rana pipiens the eyes of both tadpole and adult are the chief 
receptors ^fJight^^uh aJfecWngJ^e coloration, but, in addition 
the skin responds directly to the stimulation of light (Kropp’ 
1927), as in some lizards. In t he urodeles the importance of the 
eye in colo r change va ries with the specIS“andvdth age In ' 

as in o i ] ' 

the skin darkens in the ligh t and pales in the dark - With 
mg age m Ambystoma larvae, and hence with increasingjunction 
oi the eyes^ the reverse change in colofatioh occurs on exposure 
to light on an indlfferehT hacTcgrbuhd. BJindecLJarvae of this 
age react as young larvae (Laurens, 1917). Salamander larvl^ 
reared in aquaria with dark bottoms develop a dark.^lur-ation 
because their eyes, like those of most vertebrates capable of color 
change, bnng about an expansion of the melanophores. The 

impulses pnginatemThgda^ and are so strong that 

they overcome the tendency_ojLtM_darkened chromatophores in 
the skin to contract. The tadpoles.^f -Xenopus expand the 

ently because of an optic influence. Seeing. Iilacltis, however 

‘ - ;::r .sr 

me, Thus, either ae“gh“. 0 ^™“, „7te! s^ofhTZ 

ratem.T’f * r“b T ’'‘■‘“t ewnot be corrSd 
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traction. The secretion of the adrenal organs, however, induces a 
rapid contraction of the dermal melanophores, although an expan- 
sion of the retinal pigment cells, and probably this secretion func- 
tions at times of intense excitement. In Rana pipienSj the slow 
adaptive responses of the chromatophores have been attributed 
to the direct action of light. The very rapid wavehke changes 
along the backs of some tree frogs such as H. goughi (Boulenger, 
1911) can be due only to nervous mechanisms. Kropp (1927) has 
shown that a contraction of the melanophores is produced in 
Rana pipiens by nerve section. Hence, while the hormone of the 
pars intermedia of the pituitary probably has the most important 
part to play in the control of color change, the nervous mecha- 
nisms alone can also induce changes and stimuli impinging on the 
integument may directly affect the chromatophores without 
involving nerves or hormones. It is possible that both hormone 
and nerve action may produce the same response, light stimula- 
tions received through the eye being transmitted on one hand to 
the pituitary and on the other to the nerves in the integument 
controlling the form of the melanophores. No doubt the impor- 
tance of one or the other mechanism varies with the species. 
It is also possible that a third type of influence may originate from 
the eye. Kropp (1929) has obtained evidence that a melano- 
phore activating substance may be produced by the eye of certain 
tadpoles and released directly into the blood stream. Burrowing 
or aquatic frogs would not have so great a need for quick changes 
of dress as those arboreal species which frequent exposed situa- 
tions. Hence the mechanism controlling the chromatophore 
expansion would not be expected to be the same in these species. 

Color Patterns. — While the ground tone of nearly all Amphibia 
is subject to considerable change, the white spots formed by the 
accumulations of guanophores and the dark patterns produced 
by masses of melanophores change very slowly if at all during 
adult life. The patterns have repeated themselves many times 
in the evolution of the Amphibia. A dark stripe on the side of 
head and body is found in various hynobiids, plethodontids, and 
salamandrids; it even appears in the pigmentless cave salamander, 
Proteus, when exposed to light (Werner, 1892). Werner showed 
that the patterns of the various subspecies of Salaniandra sala- 
mandra of Europe were repeated in certain species of Oedipus 
and Eurycea of the New World. I found that in a few hundred 
Desmognaihus Juscils carolinensis collected in a single locality, 
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the patterns of several species in other genera of plethodontids 
were represented. The varieties in this collection might have 
been arranged to show progressive change in pattern in various 
directions, but such series would no doubt not represent the true 
order of appearance of these patterns in phylogeny. Many 
frogs and toads possess a dark stripe through the eye, extending 
beyond the tympanum, and also another between the eyes. The 
pattern on the body frequently takes the form of a number of 
stripes or rows of spots. Werner (1892) assumes that there were 
originally four or six of these stripe areas in the Salientia. Cen- 
ters of pigment formation have been described in the skin of 
birds and mammals. The number of possible patterns Amphibia 

may assume seems limited, for many stripes and bars appear in 
the same position in unrelated groups. 

A study of the ontogeny of color patterns in urodeles has thrown 
some light on the reason for the frequency of the striped pattern 
in this group. Linden (1900) found in three species of European 
newts that a pattern of longitudinal stripes appeared even before 
hatching. The stripes were apparently correlated with the 
development of the main blood vessels under the skin. The 
longitudinal stripes were in some species gradually changed into 
spots, the transformation beginning at the posterior end of the 
body and moving forward and spreading from the dorsal surface 
to the ventral There was thus a close parallel between the 
ontogeny of the color pattern of these newts and that of the 

hzards, as described in the classical studies of Eimer 


Eycleshymer (1906) followed the migration of the melano- 
phores of Necturus from their origin in the mesenchyme to their 
hnal ^sition in the dermis and epidermis. He noted a tendency 
for these pigment cells to aggregate along the large cutaneous 
veins. A similar migration and aggregation has been reported 
for some of the melanophores of the minnow, Fundulus bv 
Stockard (1915); and Zenneck (1894) has noticed the importiince 
of similar early localizations of pigment in building up the pattern 

he melanophores in the axolotl, concluded that pigment was 
skin best supplied with blood might grow fastest. Subsequent 
between regions of rapid growth and regions of maximum bTooS 
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supply. The striped pattern of many adult salamanders may be 
considered a retention of the early larval pattern. In frogs a 
somewhat similar pattern may first appear at metamorphosis, 
but whether or not it is correlated with regions of active skin 
growth has not been determined. 

The pigmented sides of many salamander larvae bear three 
rows of light spots. In the center of each is usually located a 
lateral-line sense organ (Fig. 57). In many plethodontid larvae 
the light area is devoid of pigment, but in certain salamandrids 
lipophores may be clustered in these areas. In some adult 



Fia. 57. — Larva of the two-lined salamander, Eurycea bislineala, showing 
the relation of the color pattern to the lateral-line organs. Each small ring within 
the light areas represents a lateral-line organ. 


salamanders which retain the lateral-line organs, guanophores 
may come to occupy the same position. Thus, the lateral-line 
organs frequently have an effect on controlling the color pattern, 
since melanophores fail to develop near them (Noble, 1927). 

Whatever might be the causes of melanophore localization, 
it may be noted that melanin is often produced in regions of high 
metabolism. The more active hemisphere of frogs eggs is usually 
pigmented, although when eggs contain much yolk they may be 
devoid of pigmentation. Faris (1924) found that pigment was 
produced in the embryo of Ambystoma in regions of rapid dif- 
ferentiation rather than of cell proliferation. Melanin is pro- 
duced by the oxidation of tyrosin or similar chromogen base, 
which is presumably, as in the case of the former, a product of 
protein metabolism. The transformation is produced under the 
influence of a tyrosinase or similar oxidizing ferment. A tyro- 
sinase has been described in the skin of various Amphibia (Ges- 
sard, 1904) as well as in the frog's egg. 

Banta and Gortner (1913) found that dilute solutions of tyrosin 
produced a darkening of the integument of Eurycea bislineata. 
Pernitzsch (1913) and Haecker (1918) noted that the difference 
between the albino and a pigmented axolotl was not merely a 
matter of failure to produce this substance in the albino. They 
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observed that the melanophores of the albino were smaller and 
grew very much more slowly than those of typical specimens. 
Pawlas (1925) found, however, that injecting an extract of pig- 
mented axolotl skin into an albino axolotl would induce the 
development of a pattern. It thus seems that certain parts of 
the integument are regions of pigment formation as well as of 
accumulation. In many salamanders these regions are the sides 
of the body where cutaneous respiration is at a maximum. 
Possibly the greater supply of oxygen of the flanks would facilitate 
the production of melanin in this area. All patterns are not 
correlated with blood vessels. Further, some patterns are 

before they appear as pigmented areas. Lindeman 
( 929) found that transplanting the skin from the back to the 
tail of a tadpole before metamorphosis did not prevent the 
typical pattern from appearing in this piece of skin at the time 
of metamorphosis. Similarly, Reis (1930) found that larval skin 
transplanted on a different part of the body of the adult sala- 
mander metamorphosed and developed the color pattern it 
would have had in its normal position after metamorphosis, 
thus, patterns are determined in the larval skin before there is 
any visible accumulation of melanophores. The nature of the 

ereditao' mechanism determining these patterns has been 
discussed in a previous chapter (page 19). 

Influence of the Environment on Pigmentation.— Under the 
stimulation of light the young of the cave salamanders, Typhlo- 
theiHr.r'^ Proteus, will develop an extensive pigmentation of 

ff ma ei fnTh H u V " P'^^’^'ted larvae, 

of thi U necessarily carry any marked effect 

of this sojourn into their adult life (Herbst, 1924; Banta, 1912) 

Ithough pattern, as shown from the work of Lindeman and of 

r hereditary factors, the 

cal h I- influenced in some 

cases by light Herbst and Ascher (1927) showed that the yellow 
pigment on the ventral surface of the recently metamorphosed 
Salamandra salamar^ra could be greatly increased by illuminating 
the animals from below. It would seem that if salamander^ 

rlar Patterns would 

previously realized because of the lack of light. It would also 
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seem probable that the degree of pigmentation of the upper sur- 
face of a salamander might be a function of the amount of exposure 
to light. Babak (1912) found that the increase and spread of 
the melanophores were dependent on the form of the cells, the 
expanded ones developing more rapidly than the contracted ones. 
In the light, Typhlotriton expands its melanophores, while in 
the dark, it contracts them. Poorly pigmented tadpoles have 
been reported from clay water, and possibly the absence of light 
may have hindered their development. Although light is not 
necessary for the activation of the tyrosinase reaction, its absence 
in certain cases might delay the oxidation. 

Pogonowska (1914) found that sodium chloride increased the 
formation of black pigment in Salamandra salamandra while it 




Fiq. 68. — Melanism in salamanders: A. Melanistic specimen of Eurycca melano 

pleura. B. Typical coloration of the same species. 


reduced the development of lipophores, and Taniguchi (1929) 
has reported a similar effect of common salt on the melanophores 
of Hynobius. A mineral mixture added to the diet of beef- 
muscle-fed Ambystoma larvae enormously increased the inten- 
sity of pigmentation (Patch, in press). Fatty foods may hmde^ 
the development of the black-pigment cells (Johnson, 1913). 
Wolterstorff (1927) showed that feeding white worms, Enchy- 
traei, to the red-belHed salamander, Triturus pyrrhogaster would 
prevent the red colors from developing. Similarly, Tnturua 
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alpestris reared on Enchytraei and pale copepods develops a white 
instead of a yellow abdominal color. Tornier (1907) reported 
that Pelobates larvae raised on a meat diet became intensely 
dark, in striking contrast to tadpoles of the same species given a 
vegetable diet. No doubt some of the color variation found 
whhin a species in nature may be attributed directly to diet. 
Field studies have not yet, however, given evidence of such a 
correlation Many herpetologists have reported melanistic 
Amphibia (Fig. 58) hving side by side with typically colored 
individuals of the same species (Werner, 1930). Hence most 
melanism is apparently due to genetic and not to environmental 
factors. Nevertheless, several external factors are able to influ- 
ence the development of pigment. Among these factors are the 
type of food the individuals happen to eat. Salts increase 
the amount of dark pigmentation, fats decrease it. Further the 
amount of light available during ontogeny may have an even 
more profound effect on the elaboration of pigment 
The internal environment produced by the hormones has also 
an influence on the development of the pigmentation. In the 

hormone new pigment is not formed 
P6 ddelsky and Blacher, 1929). Woronzowa (1929) found that 
implanting pituitary tissue into the albino race of axolotl would 

slTof tL h of pigment. It is thus evident that the 

sk n of the white axolotl has potentialities to form normal dark 

that these potentialities may be reahzed if enough 
pituitary hormone is present. ^ 

Significance of Color.-The skin screens the underlying tissues 

chirflrr""r oUra-violet light by its horny kyer and 

frog to uh r- ^ ^ exposure of the stomach of a 

og to ultra-violet rays brings about its contraction (Hill, 1926) 

The hpophores, as well as the guanophores and melanophores act 

as a screen (Kruger and Kern, 1924). Many tree frogs Hyla’and 

Centronella, with translucent bodies have their viscera well 

protected by a covering of guanophores around the peritoneal 

cavity, and some tadpoles which habitually swim wUh Xir 

have still anoth.r f ?• melanophores of the retina 



152 


THE BIOLOGY OF THE AMPHIBIA 


enormously the efficiency of vision. With the marshaling of the 
pigment cells into patterns, a further significance was developed, 
for frequently such patterns are highly conceahng. 

The coloration of most Amphibia seems in keeping with their 
surroundings. Bright-green tree frogs, such as Hyla andersoniy 
remain for long periods on leafy trees; grey ones, such as H. 
arenicolor j on rocks. The wood frog, Rana sylvaticay resembles 
the brown leaves among which it sometimes hops. The pond- 
dwelling ranas usually lack the spots and stripes of those, such as 
R. pipienSy which frequent meadows. Nevertheless, it is common 
experience to find Amphibia of very different color pattern living 
side by side. It is difficult to consider the red color of Pseudo- 
triton or the yellow of Eurycea as protective. Rather, these 
tints are like those of the leaves in the fall — beautiful but without 
value. 

Some of the gaudy patterns of Amphibia may be concealing, 
functioning according to the well-known camouflage principle of 
attracting the attention to them and diverting it away from the 
outline of the animal. Thus, the bright, median stripe of some 
specimens of Plethodon cinereus or Acris grylliMS may assist in the 
concealing process. But, one naturally asks, if these stripes are 
of such importance, why do not all specimens of these species have 
them? In Ambystoma, many species (maculatumy opacumy 
annulaturriy etc.) are brightly marked, but others in the genus 
which seem to have the same habits (jeffersonianurriy texanurriy 
etc.) lack the bright spots. Still others, as A. tigrinum, differ in 
both brightness and size of the markings in specimens from 
different parts of the continent. Hence, the importance of these 
patterns as protective devices seems not extensive. 

A number of Salientia have specialized in developing bright 
colors on their groins, thighs, or other surfaces which are concealed 
by the legs when the frog is at rest. It has been assumed that 
the sudden flashing of these colors at the moment of leaping would 
dazzle the pursuer. Familiar examples of such “flash colors” 
are found on the thighs of Hyla versicoloTy the groins of various 
species of Dendrobates or Phyllobates. A prioriy these would 
seem to afford some of the best cases of protective colora- 
tion, but field observations as to their dazzling ability are lacking. 

A number of Salientia, particularly South American bufonids 
and certain brevicipitids, have eyelike spots on the groins (Fig. 

59). These have been assumed to function, as the ocelli in the 
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wings of certain butterBies, in attracting the attention of the 
enemy toward them and away from the more essential head 
region of the frog. Such speculations afford interesting hypothe- 
ses to be criticaUy studied by field students. All the intermedi- 
ates between eyeUke spots and black inguinal blotches exist 
among these frogs. The frequency with which these eye spots 
are repeated in unrelated groups gives the impression that they 
must have some important, 


even though still unknown, 
function. 

Parallelism in the develop- 
ment of color pattern is a 
frequent phenomenon in 
Amphibia. Plethodon glutin- 
osus and A mby stoma Jefferson- 
ianum resemble each other so 
closely that they are often 
confused. Various species of 
Hyla, Polypedates, and 
Leptopelis have almost iden- 
tical patterns. If convergent 
evolution due to mimicry is 
assumed to account for the 
first-mentioned species, one 
might ask why does the same 
pattern appear in Aneides 



Fio. 69. — The color pattern of Afan- 
tipua ocellatus reaembles a face directed 
posteriorly. Eye spots occur in various 
unrelated groups of Salientia. 


Jlavipunctatus of the West Coast. It seems far more likely that 

the mtegument of Amphibia is limited in the number of possible 

patterns which it is able to assume and hence the repetition of 
various patterns during evolution. 

It has been sometimes assumed that color patterns serve as 
ecognition marks in the various groups of vertebrates. As most 

suT breeding season, 
brlht T ? ^ period. The 

thl attenlr' f T ^o attract 

nattern ^ other than color 

pattern function in sex recognition of most Amphibia 


cuges 
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CHAPTER VII 


THE RESPIRATORY SYSTEM 

Oxygen required by the tissues for their metabolism is supplied 
by the blood. A constant refurnishing of the haemoglobin with 
oxygen is demanded if the animal is to live, for cessation of 
oxidation results in an accumulation of carbonic, lactic, and other 
acids in the tissues, paralyzing and eventually killing the cells. 
Carbon dioxide, which in solution gives carbonic acid, is the chief 
product of oxidation in the tissues. Since the concentration of 
carbon dioxide is greater in the tissues than in the blood, while 
that of oxygen is less, an interchange of these gases occurs by 
diffusion. The aeration of the blood is described as external 
respiration; the exchange of gases between blood and cells is 
distinguished by the term “internal respiration,” 

Since an absorption of oxygen by the blood, as well as the 
elimination of carbon dioxide, may occur on almost any part of 
the body where a thin, moist membrane overlies a capillary net, 
a large part of the integument of Amphibia functions in respira- 
tory exchange. In most species the lining of the mouth is very 
vascular and serves for buccopharyngeal respiration. The major 
role in respiration, however, is played by the gills of the larvae 
and by the lungs of the adult. The primitive fish were well 
supplied with scales or bony plates in the integument. These, 
while affording protection to the animal, tended to limit the 
respiratory surface of the body and to necessitate the develop- 
ment of gills and lungs as the chief respiratory structures even in 
the most primitive forms. 

The oxygen and carbon dioxide of the blood are not only in 
solution but also in chemical combination which may be readily 
broken down to give off the gases. Hence, respiration involves 
not only diffusion but also a number of complex chemical trans- 
formations. Most of the oxygen is carried in the blood combined 
with haemoglobin, while the carbon dioxide is transported 
largely in the form of bicarbonates. On the respiratory sur- 
faces the haemoglobin in the red blood cells is oxidized to oxy- 
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haemoglobin, which being more acid than haemoglobin tends to 
break up the bicarbonates and drive the carbon dioxide out of 
the blood stream. The loss of the carbon dioxide in turn lowers 
the acidity of the blood and facilitates the oxidation of the 
haemoglobin again. Thus, in the body tissues the accumulation 
of carbon dioxide favors the liberation of oxygen from oxyhaemo- 
globin by increasing the acidity. Further, the reduction of 
oxyhaemoglobin facilitates the taking on of carbon dioxide by 
the blood. In short, each chemical transformation on the respira- 
tory surfaces or in the deeper tissues favors the one to follow. 

Haemoglobin is chemically different in each species of animal. 
Hs ability to carry and to unload oxygon varies with the species. 
The affinity of frog haemoglobin for oxygen is much lower than 
that of man. Hence at the same temperature human blood takes 
on much more oxygen than frog blood. At the low temperature 
ordinarily characteristic of Amphibia (15°C.), however, the oxy- 
aemoglobin of the frog is able to give up its load of oxygen as 
readily as human oxyhaemoglobin will dissociate at a much 
igher temperature (37°C.; Macela and Seliskar, 1925). In 
regard to its affinity for carbon dioxide, the blood of the bullfrog 
as compared with mammals binds a comparatively high amount 

( astl and Sehskar, 1925) but is unable to regulate its alkalinity 
as effectively as mammalian blood does. 

in f *i?-5lAmphibi.a^^^^ found only in the larvae and 

in those adult urodeles which fail to metamorphose. They 

sprout from the side of the neck in the branchial region which is 

ofThe ser^^ clsftg.i. In the Gymnophiona the first cleft 

of the series remains open for only a short time during embryonic 

ife. It forms a spiracle homologous with that of sharks, Polyp- 

terus and a few other fish. In aU other Amphibia the ent^derZl 

pouch forming the spiracle never breaks through to the outside 

but either produces a Eustachian tube, as in most Salientia, or 

disappears. There are four branchial clefts behind this pouch in 

Sr " the caecilians a fifth also occurs 

'"“'•th (1920) has noted the developmLt of 
the fifth pouch in the primitive Hynobius and Cryptobranchus 

thJS ^ the pharyngeal wall, alternately with 

he clefts, a series of cartilaginous bars which form the hyobran- 

chial apparatus. The cartilage between spiracle and the first 

branchial cleft becomes the hyoid; the following cartilages, the 
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branchial arches. In caecilians there may be five of these bran- 
chial arches in the embryo (Fig. 60), while in all other Amphibia 
four is the maximum number and there may be less. The 
reduction in the number of arches is not always correlated with 
differences in habitat. The brook-dwelling Desmognathus pos- 
sesses four branchial arches and some species of Eurycea, three. 
Branchial arches have been described in various fossil Amphibia 
such as Dwinasaurus, Archegosaurus, and Lysorophus, but they 
were not known to be more than four in number. The adult 
caecilians have at most four functional branchial arches, and 
hence the fifth may never have been a distinct arch in the adults 
of any Amphibia. 

In the larvae of urodeles and caecilians the gills arise from a 
portion of the outer surface of the first three branchial arches. 
In the tadpoles of Salientia similar gills appear early in develop- 



u. 


Fiq. CO. — Sagittal Bection through 
the head of the caecilian, Hypogeophis 
rostratus, showing the branchial arches 
in cross-section. Caecilians are remark- 
able in retaining the fifth branchial 
arch. B.V., fifth branchial arch; U., 
ultimobranchial body. {After Marcus.) 


ment and in some species 
they may become greatly 
elongated (Chap. III). In 
the Marsupial Frog, Gastro- 
theca, the two anterior pairs 
of external gills may form 
enormous bell-shaped struc- 
tures which function as vas- 
cular wrappings completely 
surrounding the embryo. In 
most frog tadpoles the exter- 
nal gills do not attain the size 
or complexity of these struc- 


tures in urodeles. Further, they are soon covered over by the 
operculum, a fold of integument which grows back from the hyoid 
arch. They are then replaced by rows of shorter gill processes, 
which grow from the anterior and posterior margins of the same 
arches and also from the anterior edge of the fourth branchial arch. 
These are often considered internal gills, homologous with the 
ordinary gills of fish, in contradistinction to the early formed 
gills, which are called “external” and homologized with the 
larval gills of crossopterygians and dipnoans. Except for their 
point of origin, there is very little difference between external 
and internal giUs. The tissues entering into their formation are 
probably the same (Greil, 1906; Jacobshagen, 1921). Amphibia 
have si>ecialized in the elaboration of the external gill which 
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was an inheritance from the larvae and not from the adults of 
their piscine ancestors. 

Relation of Gill Form to Function. — The fully developed form 
of the external gills of the various species of Amphibia is closely 
correlated with the functional needs of the larvae. This was 
shown in the discussion of their life history. The reduction of 




gill form in Paeudobranchus striaiua (.4) and Siren Ineeriinn 

z, S;"? “ ,“•? i.™*” 

organs obscure, not indicated. fo™ahn-fixed specimen, the lateral-line 

the pU clefts may also have a functional significance. For exam- 
p e, Su-en, with four branchial arches, has the first three clefts 
open in the mature animal, while the closely related Pseudo- 
branchus, which unlike Siren is a burrowing salamander, has the 
same number of arches, but only the second cleft remains open 
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(Fig. 61). On the other hand, in another burrowing type, 
Amphiuma, with four branchial arches and only one cleft, that 
between the third and fourth arches, the closure of the arches 
may be considered a metamorphic change partly completed. 
This seems probable, for Amphiuma shows other metamorphic 
changes such as the loss of gills early in larval life, but such an 
explanation would not account for the reduction in Pseudo- 
branchus (see page 103). Cryptobranchus is another incom- 
pletely metamorphosed type which has external gills early in 
life and which gives them up without developing internal gills. 
The margin of the operculum fuses at the time of gill reduction 
to the throat, except at its dorsal end, where a single opening 
remains on each side. In Megalobatrachus, which exhibits 
further metamorphic changes in its skeleton, the operculum fuses 
completely, and this so-called “derotreme” lacks the branchial 
fenestrae supposed to characterize the group. No urodele ever 
develops internal gills, and salamanders such as Cryptobranchus, 
which remain in the water after the external gills are lost, rely to 
a considerable extent on their skin for respiration although the 
lungs are functional. In other genera such as Necturus, with 
two clefts, the reduction may be correlated with the number of 
arches formed. This is particularly true of the tadpole of the 
Banana Frog, Hoplophryne, which breathes air from the time 
of hatching and has only one branchial arch and one cleft on each 
side. How many of these instances of reduction can be con- 
sidered cases of partial metamorphoses is difficult to decide. In 
some species, more arch-forming material seems to be present 
from the first. 

On the concave side of the branchial arches a series of papillae 
develop which are homologous with the gill filters of fish and 
which serve the same function, namely, the prevention of the 
escape of food through the gill clefts. They vseem to have been 
bony structures in some branchiosaurs. The short internal 
gills of Salientia are protected from the outside by an operculum 
as in fish. In the Salientia, however, this is not a bony cover 
but merely a fold which grows backward from the hyoid arc 
over the gills and fuses with the integument of the abdomen 
except for a small opening, the so-called spiracle, which may 
be medial (discoglossids, brevicipitids, etc.) or simstral (mos 
Salientia). Rarely there is left a small opening on each side 
(pipids). In this way a branchial chamber is formed which 
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freely communicates with the one of the opposite side by a broad 
channel ventral to the pericardium. 




\ 


capillaries. In the Cr/ptlbralchTdae" aL ^rTafn^o^Lrii*”'’ 
capillanea penetrate the eDidermis tr. « certain other salamanders the 

basal membrane; Cap. capillary £:» aileganiensis, Ba.Mbr., 

horny layer; M.Gl.. mucouB illL P O ^ n^* ’ «®rminal layer; Hor.La , 

of epidermis: Cor., ^^^ * ’ transitional laye; 


integument of the body of 
Amphibia, although it is often highly vascular and has important 

Bilir Th^ f W processes resembling 

gills. The folds along the body of Cryptobranehus are consider- 
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ably vascularized, the capillaries penetrating almost to the outer 
surface of the epidermis (Fig. 62). These folds are often waved 
back and forth by the submerged animal in a manner suggesting 
the gill movements of such forms as Necturusy'' Similar body 
folds occur in the aquatic Andean frog, Batrachophrynus. The 
larva of Xenopus is provided with a pair of long vascular barbels 

which have been credited with primarily tactile and not respiratory 

functions (Nikitin, 192n). Only in the “Hairy Frog” of Africa, 



Fig. 63. — The 'Hairy Frog' Astyloaternus robustus receives its name from the 
thick growth of vascular villosities which develop in the male during the breeding 
season. These are respiratory organs which compensate for the reduced lungs 
of this species at the time of the year when the metabolism of frogs increases. 


Astylosternus robustus do vascular papillae occur which resemble 
the finer branches of gills (P'ig. 63). These are found only in 
the male and apparently compensate for the greatly reduced 
lungs of this frog. Their elaboration during the breeding season 
is to be explained by the increased metabolism during this season 
and the need for oxygen by the very muscular males. The 
villosities which occur on the thighs and flanks resemble those 
which develop on the hind limbs of the brooding male, Lepido- 
siren, where they assist this fish to secure sufficient oxygen 

without leaving the egg burrow. 

Lungs. — Gills and integumental filaments occur only in aquatic 
forms. On land the villosities would stick together and would 
greatly reduce the respiratory area. Those that remained 
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exposed would dry due to the absence of glands and would soon 
lose their respiratory function. / The respiratory organs of terres- 
trial vertebrates are the lungs. These arose in phylogeny long 
^fore the land was invaded. They are found today in both 
dipnoans and crossopterygians, and it seems probable that 
crossopterygian fish closely allied to the ancestors of Amphibia 



-jmbiate branra^p'ucro:''' A 

Visceral pouches numbered. (After Makuschok.) * * ^nlagen. 


had pired air sacs of the same form as lungs (Barrell 19161 
Further, both air bladders aud luugs 

pockets of the pharynx which are serially homologous to the 

We rr ® intestinal diverticula which 

b^the T ^ respiratory function is well shown 

by their development (Fig. 64) in the more primitive Amnhibia 

an especially by the Gymnophiona as described by Marcus 
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(1908, 1922). In the embryo of Hypogeophis, Marcus identifies 
nine visceral arches homologous to those in primitive fish. The 
first forms the cartilage of the jaws, the second that of the hyoid, 
the third to seventh inclusive, the branchial arches, the eighth a 
process on the larynx, and the ninth the bulk of this structure. 
The entodermal pouch, which pushes out between hyoid and 
jawbone, breaks through to the exterior to form the spiracle. 
The pouch caudal to the hyoid and those following the first four 
branchial arches become gill clefts. That following the fifth 
branchial arch becomes the ultimobranchial body, an epithelial 
structure to be considered with the endocrine structures, while the 
pouch lying caudal to the sixth and before the seventh develops 
into lung. 

The other Amphibia fail to show as clearly as the caecilians 
the origin of lungs from branchial pouches. Further, Edgeworth 
(1920) found that the laryngeal muscles of salamanders were 
not split off from the branchial muscles, as might be expected 
from the conditions in caecilians, but arose from the splanchnic 
layer covering the digestive tract. Edgeworth, therefore, sup- 
ported the view of Greil and others that the lungs are not 
branchial structures. In view of the more primitive arrangement 
of the clefts and arches in caecilians, it would seem that the 
musculature of the urodele larynx had undergone various 
secondary changes. 

The lungs of caecilians are specialized in that usually the left 
is rudimentary. The same reduction occurs in most snakes and 
seems to be correlated with the elongate body form of both groups. 
Another convergence occurs in the aquatic Typhlonectes, which 
develops a tracheal lung or respiratory area along the passageway 
between lung and pharynx as in some snakes (Fuhrmann, 1914). 
The inner surface of the lungs of caecilians is divided by a net- 
work of blood vessels, connective tissue, and smooth muscle 
which form alveoli.^ In the terrestrial Salientia such as Bufo, 
these chambers are small and numerous, and the septa branch, 
forming additional chambers (Fig. 65). The septa are highly 
vascular and clothed with a thin epithelium except along their 
inner edges where ciliate and mucous cells are abundant covering 
bundles of smooth muscle. [Jn many aquatic urodeles which 
practice extensive cutaneous and buccopharyngeal respiration the 
lungs are poorly vascularized and alveoli are not formed. This 
is true of some newts and especially the perennibranchs Proteus 
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and Necturus. Simplicity of lung structure may be either a 
larval feature or a result of secondary degeneration in the 
Amphibia; it is not a primitivismj 

The same holds true for the fishes which seem to have evolved 
poorly vascularized swim bladders out of lungs. As in newts, 
these are used as hydrostatic organs but in most teleosts are 
further modified in that only one sac develops, and this may 
sprout from the dorsal instead of the ventral side of the digestive 
tract. The further modification of the swim bladder in teleosts 
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living in cold mounUin^BtrLms relics chieflTon^iur*^**^’ 

lungs are greatly reduced both in size and in vn respiration, and ita 

«... iu.. .. .p.. ..r.fvirpSi:';?,”. sj.:."; 

i. v.ry extemivo and ha. no p.r.lw i„ Amphibia, excepting in 
the case of its reduction and loss. 

^Salamanders are the only vertebrates above the fish which 
have succeeded m dispensing with their lungs. All plethodontids 
ack lungs, and various ambystomids and salamandrids exhibit 
reductions which lead to rudiments only 5 mm. long in Rhyaco- 
triton and 2 mm. in Salamandrina)' All Amphibia practice 

tTon ire^'th buccopharyngeal respira- 

dwindled away because other respiratory systems were function^ 

a nH developed act as hydrostatic organs 

and Hence no salamanders inhabit! monguntain brooks, where 
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there would be frequent need of hiding under rocks to avoid the 
current, have the lungs so extensive as typical pond species. A 
parallel reduction occurs in the swim bladders of mountain-brook 
fish. The water of mountain brooks being cool, well-oxygenated, 
and running gives maximum possibilities for cutaneous respira- 
tion. Nevertheless, in all Amphibia which undergo a reduction 
of the lungs, the capillaries either penetrate into the epidermis to 
facilitate cutaneous respiration or the epidermis remains thin 
over the superficial skin capillaries (Noble, 1925). The cool, 
wet crannies along the banks of streams afford an ideal situation 
for cutaneous respiration on land, since gas interchange can take 
place only if the skin is moist. This habitat was invaded by 
plethodontids which had evolved from stream-dwelling sala- 
mandrids. The ancestral plethodontids had apparently already 
lost their lungs, as modern species show at most the barest 
indication of a lung vestige during development (Mekeel, 1926). 
Other salamanders, by increasing the efficiency of cutaneous 
respiration in the same way as stream salamanders, were able to 
survive with reduced lungs in suitable situations without ever 
having gone through a typical stream life in the course of their 
phylogeny. This is highly probable in the case of Salamandrina 
and the European Alpine Salamander, Salamandra atra. Cold, 
by slowing down metabolism, reduces the need for oxygen. 
Hence, frogs can survive under water for long periods at low 
temperatures but will quickly die if the temperature is raised. 
Cold seems to have been an important factor in permitting lung 
reduction in Ascaphus (Fig. 65A), since other stream-dwelling 
frogs in warmer waters have larger lungs. There are thus 
various factors which have made possible the reduction and loss 
of lungs in Amphibia (Noble, 1929). In the fishes, also, the 
hydrostatic organ was lost under a variety of conditions. 

^ Larynx. — The lungs of Amphibia arise from a median evagina- 
tion from the ventral wall of the pharynx. This becomes the 
laryngeal sac which opens by the glottis into the pharynx^ It is 
very short in most Salientia, but in the Pipidae, where the lungs 
are important hydrostatic organs, the sac is carried posteriorly 
to form a trachea and this again divides into two tubes, the 
bronchi, which finally lead to the lungs. Pipa is further rema^ 
able in showing a very complete infiltration of the lungs y 
cartilage. This strengthens the septa and other supporting 
structures and even forms projections extending into the lumen 
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(Marcus, 1927). Cranially the cartilages tend to form rings or\ 
plates which support the bronchial tubes and trachea. The ' 
caecihans, also, exhibit an infiltration of the lungs by cartilage''' 
(Marcus, 1927), which may, therefore, be a primitive feature of 
the Amphibia. The urodeles, in correlation with their elongate 
body form, usually possess a djstinc^ tochea. This is longest 
in Amphiuma and Siren, which" possess~tracheal cartilages 
homologous with those of caecilians. The cartilages which 
support the larynx have a differ- 
ent origin from those of the lungs 
and bronchus and are always 
present whether or not there is 




fio. 66.— Laryngeal cartilages of a Fm 67 v i 
Spade-foot Toad. Scaphiopus holbrookii irol 
viewed from the right side. Art,' 

arytenoid: Cnc., cricoid; PP Zi’ from within. Car.//., 

monary process. *' ^ body of hyoid; /.L., inferior 

vocal hpment; L., left lung- LO 
laryngeal orifice; P.P., pulmonary proc- 

-P-r\"ocal 

any cartilage in the pulmonary structures I A a rlioo j 

rir r:. t:; ,f rb 

forms a carl.laginous bar on each side of the larynx' 

^U» most urodeles and all frogs the cartilage of each ide 

f I'h t.i“ 

shaped eartllagos lying i„ a narrow Hng: .be cHe.SI'whlcrT; 
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or may not be fused (Fig. 66). These lie between the thyroid 
processes of the hyoid and usually send a pair of hook-shaped 
processes around the bases of the lungs (Fig. 67). In some frogs 
the tips of the hooks may be fused in the midline tending to 
obscure further the original bilateral origin of the laryngeal 
cartilages. The more anterior pair of branchial bars which take 
part in the formation of the skeleton of the larynx have been 
shown by Marcus (1922) to form merely a pair of processes on 
the arytenoids. The latter guard the entrance to the trachea 

and are moved by a dilator and usually several constrictor 
muscles. 

In the Salientia the laryngeal chamber is divided into two 
parts by the vocal organs. The.se have the form of two thickened 
lips which extend across the passageway. They represent exten- 
sions of the tissue lining the arytenoids. Each lip may be 
divided by a groove in some frogs mto an outer and an inner 
rim. The vocal cords are formed by the latter. Air forced from 
the lungs sets the elastic inner rim of each vocal organ vibrating 
and the sound is reinforced by resonating sacs lying either in the 
floor or at each corner of the mouth. The air is forced back and 
forth between vocal sacs and lungs, usually very little additional 
air being taken in through the nostrils. The vocal sacs are 
formed by diverticula of the lining of the mouth. Since they 
usually lie just above the subhyoid muscle, they force the air 
back into the lungs chiefly by the action of this muscle. In 
many species the diverticula fuse in the midline to form a median 
throat sac capable of great distention. It is because the vocal 
mechanism represents a closed system that frogs can call when 
u^j^r water. The larynx is usually very much larger in the 
male than the female, and the latter lacks vocal pouches. As 
there is no true larynx at all in fishes, the Amphibia have made a 
considerable advance not only in the development of this struc- 
ture with its cartilages but also in producing a trachea and 

bronchus including their cartilaginous skeleton. 

Wavs ^f Resp iration. — The Amphibia possess several respira- 
tory mechanisms. These, however, are not available to a 
species, and, further, a complication occurs in that the mecha- 
nisms of the larva are usually replaced by others during adu t 
life. The ontogenetic sequence of mechanisms shows little 
relation to the phylogenetic sequence, except in the case of the 
perennibranchs which have retained or elaborated the larva 
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organization. In the larvae of the more primitive salamanders 
such as the newt, movements of the branchial apparatus bring 
water in through the nostrils and out through the gill clefts, 
but m some species ciha play an important part in maintaining 
this respiratory current. The external gills are equipped with 
muscles which give them independent though hmited motion, 
rhe lower jaw also functions as a force pump driving water 
from the partly open mouth out through the clefts or nares. The 
same mechanism is found in tadpoles except that the gills are 
covered by an operculum and are devoid of muscles. Many 
tadpoles and urodele larvae increase the efficiency of this appara- 
tus by developing valves about the internal nares; these prevent 
a backflow of water through the nasal chamber.^ Since the 
buccal cavity is highly vascular in larval Amphibia, some gaseous 
exchange takes place through the walls. Most larvae enjoy not 
ony ranchial but also some buccopharyngeal and cutaneous 
respiration in the water. ^ As the larvae develop they rise to the 
surface and snap for air. ^The air bubbles function in the gaseous 
exchanp within the buccal cavity. In many salamanders and 
ogs the lunp become functional during larval life and the air 
bble snatched from the surface is pressed back through the 

Buffi maW^rt T' 

lack of^v^ ^ respond quickly to 

and h ^ respiratory movements (Babak, 1921) 

ffirt eoffiroTl F centers of r;spTra: 

vertebrates ’ homologous, to those of higher 

the larvae would seem to practice buccopharyngeal, pulmonarv^ 
and cutaneous respiration. ^ puimonary, 

tLSf metamorphosis but 

held tightly olosed. The lips a„ .0 firfil'yCfe 

exterlf nL/ develop about the 

..e tespi„.p/e:^ rr 
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strictor. Bruner (1896) has shown that the latter contracts 

whenever the nostrils are moistened. In the water the nares 

are closed but most urodeles in this situation resume their larval 

habi s of buccopharyngeal respiration and water is taken in and 
expelled from the moutl^' 

Apparently the smooth muscle equipment of the external nares 
was found inadequate for the needs of the Salientia, and they 
seized upon a unique way of utilizing the quick-moving striated 
jaw and throat muscles for effecting a closing of the nares A 
tubercle was formed on the anterior angle of the lower jaw and 
this, supported by the small mento-Meckelian bones underlying 
It, was made available as a wedge. When, either by a contraction 

of the submental muscle or by a slight 
forward movement of the lower jaw, the 
tubercle is carried upward, it pushes apart 
the two premaxillary bones and this in 
turn effects a closing of the nostrils by 
carrying niesially the prenasal superior 
process of the nasal cartilage (Gaupp, 
1896). Though rudimentary smooth 
Fkj. 68. — A serondary muscles of the urodcle nares are present 

^^ey apparently play no 
Roof of the mouth of fiana part in the occlusion of the nostril (Bruner 

maticaiiy projected the except m such forms as Xenopus 

hyoid ^ and the anterior having fused premaxillaries. 

Lin _ both urodeles and Salientia the 


end of the omosternum. 

A process of the hyoid fits . 

into the internal nares rhythmical tHroafT movements of buc- 
W/cr raised, copharyngeal respiration are interrupted 

by a deeper lowering of the throat. At 
the height of this movement the nares are closed, the glottis 
opened, and the air streams from the lungs into the buccal 
cavity. Immediately the throat muscles are vigorously con- 
tracted and the mixed air is forced back into the lungs 
through the open glottis. After one or more of these expira- 
tory and inspiratory movements the glottis is closed again, 
the nares opened, and the shallower movements of buccopharyn- 
geal ventilation continue. There is some specific variation in 
the exact moment that the nares are closed. If they are retained 
open too long, as in some aquatic salamanders, a secondary 
snapping of air is necessary to provide enough air in the bucco- 
pharyngeal chamber to fill the lungs properly. ^ The efficiency 
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of this mechanism is further increased in some Salientia such as 

Pelobates by using the anterior processes of the hyoids as plugs 

(Fig. 68) for the internal nares during the period that the lungs 

are being emptied and fiUed (WiUem, 1924). Some of these 

differences in the respiratory mechanisms of adult Amphibia 

would seem to be correlated with habitat differences. Newts 

nsing to the surface can probably fill their throats more quickly 

through the mouth than through the nostrils. Pelobates and 

other burrowing Salientia are continually subjecting their 

muscles to strains which would make an extra guard on the 
respiratory outlets an advantage. 

adult mechanism 

reaches its extreme in those urodeles which have reduced or 
entirely lost their lungs. ,The conditions under which these 
are lost have been discussed above, and it was noted that in 
these forms the efficiency of cutaneous respiration was increased 
either by the penetration of capillaries into the epidermis or the 
tffinning of the epidermis over the superficial capillaries. The 
efficiency of buccopharyngeal respiration is increased not only 
by a vascularization of the epithelium but also by an Increase 

tion^ Th movements of buccopharyngeal respira- 

"movements in such lungless salamanders as Aneides 

aTiinilte tjie remarkable rate of 120 to 180 vibrations 

su^h as salamanders 

imaeine th t h primarily aquatic, and one might 

be a^ act 1 as respiration in the water would 

the caLTnd that th ' '' to find that this is not 

when submerged (Nrby^l925)^''^Th°° 

in that Salamandrina, which has ^ ""Ti 

of blood in thp 1 ^ ^ means of facilitating the flow 

oi blood in the lungs, as Keith (1904) maintains M Thp 

wS“r' ^ 

apparatus is alw ' ^ character of the respiratory 

NrertLe L, th ^ o' “■» “tccaPhera^ 

cireulaton *<rtnnental to pulrpon.ry 
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Comparison with Other Vertebrates. — The respiratory mecha- 
nisms of the larval Amphibia have considerable structural and 
functional resemblance to those of fish, but those of the adult 
show little approach to the conditions in other tetrapods. The 
reason is to be found in the reduction or loss of the ribs in modern 
Amphibia. The respiratory mechanism of reptiles is a suction 
apparatus with the ribs pulling the air into the lungs where the 
pressure is less than that of the atmosphere and then forcing it 
out again. Some fossil Amphibia, having longer ribs than modern 
species, may have had the beginnings of this mechanism. 

Marcus (1923) sees in the respiration of caecilians a mechanism 
intermediate between that of fish and reptiles. This may 
represent the primitive inheritance of Amphibia. The ribs do 
not function in either inspiration or expiration of caecilians, but 
the laryngeal cartilages which are serially homologous to branchial 
arches are forced back and pressed together when air is taken into 
the glottis in much the same way that branchial arches of the 
fish are retracted during a swallowing movement. In frogs and 
urodeles there may be also some movement of the larynx in 
respiration but in the position of rest fche larynx is forward in 
caecilians and reptiles while it is backwardly situated in frogs. 
The caecilians take air into the buccal cavity as in other Amphibia. 

In these forms, however, inspiration includes not only a lifting of 
the floor of the mouth but also a backward movement of the 
closed glottis. The small mouths of caecilians may be ample 
justification for their not elaborating the buccal movements 
found in other forms. The laryngeal movements, however, seem 
a primitive feature which was handed on with further modifica- 
tion to reptiles. 

In both fish and amphibians the efficiency of cutaneous respira- 
tion is frequently increased by structural changes in the integu- 
ment. In any one individual there is a considerable variation 
in the respiratory quotient at different times of the year. Dolk 
and Postma (1927), in extending the earlier work of Krogh (1910), 
have shown that there is an almost constant intake of oxygen 
through the skin of frogs throughout the year, a slight rise 
occurring only during the spawning season. Further, the skin 
releases more carbon dioxide than the lungs and shows consider- 
able variation, with the greatest drop occurring in winter. The 
oxygen absorption through the lungs varies with the season, 
reaching a peak during the breeding period. Krogh (1904, 1910) 
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suggested that the rate of oxygen consumption might be depend- 
ent on the rate of blood flow through the lungs, which in turn 
would be regulated by the vasomotor system. Bastert (1929) 
has shown that there exists a vasomotor control over the pul- 
monary vascular supply, which, between certain limits, rations 
out the oxygen from the lungs and sends a constant supply of 
oxygen to the tissues. This mechanism functions only when 
the central nervous system is intact. When the central nervous 
system is destroyed, the oxygen supply to the tissues varies with 
the oxygen pressure and follows the ordinary laws of gas diffusion. 
The integument is able to make no such change in oxygen con- 
sumption even though the increased metabolism of the breeding 
season makes an increased demand for oxygen at this time. 
Where increased efficiency of cutaneous respiration is imperative, 
for example in species which have reduced their lungs, a change 
in the structure of the integument occurs to make this increase 

possible. Apparently no regulatory variations are possible here 
as in the lungs. 


Respiratory Responses. — In salamanders with reduced lungs, 
the buccopharyngeal as well as the cutaneous respiration increases 
in importance. Lapicque and Petetin (1910) found that Euproc- 
tus immersed in vaseline succumbed in 24 hours, while it remained 
normal with its buccal cavity obstructed. Hence, in this species 
with reduced lungs, cutaneous respiration is more important than 
buccopharyngeal. Probably less aquatic species will show more 
dependence on buccopharyngeal respiration, for in these animals 
the rate of the throat movements increases. The buccopharvn- 
geal movements of frogs are far more regular than their pulmon- 
ary movements, which may be suspended entirely as during 
hibernation A change in the rate of the throat movements has 
frequently been used as an indication that the frog is aware 
of certain sensory stimulations. Sudden illumination, moving 

vibrations, spontaneous movements of the 
body , temperature change, and various other factors will induce 
a change in the rate of the buccopharyngeal respiration of the 
frog. Cole and AUison (1929) have shown that higher rates due 
to an increase in the illumination or to moving images gradually 
decrease to the onginal rate, indicating an adaptation to the 
new conditions. Since blinded frogs do not show such a response, 

have some relation to these changes ^ ’ 
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Popow and Wagner (1928) studied the effect of nutritive fluids 
on the pharyngeal movements of the isolated head of the frog. 
Increasing the carbon dioxide content of the fluid induced a 
marked increase in the respiratory movements. Apparently 
the carbon dioxide, by making the blood more acid, increased 
the rate of respiration, as it is assumed to do in the intact animal. 
The nervous centers controlling the respiration probably involve 
several parts of the brain (Chap. XV). Stewart (1923) found 
that removing the cerebral hemispheres of Necturus induced an 
increased rate of gill movement. Apparently the hemispheres 
inhibit the normal gill movements. Impulses from the medulla 
by way of the vagus nerves keep the lungs of Cryptobranchus, and 
presumably of other salamanders also, in a state of relaxation. A 
destruction of the nerve fibers induces a hypertonic state of the 
lungs (Luckhardt and Carlson, 1921). The section of the vagus 
in reptiles seems to have the opposite effect, but in these animals 
the vagus control has not been adequately investigated. Appar- 
ently these sharply contrasted methods of nervous control of 
the lungs in reptiles and modern Amphibia are correlated with 
their different methods of respiration. 
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CHAPTER VIII 
THE CIRCULATORY SYSTEM 


Food absorbed by the digestive system is carried by the fluids 
of either the blood or lymph channels to all parts of the body. 
Blood owes its color to the protein pigment haemoglobin which 
is present in the red blood cells. Haemoglobin possesses the 
property of absorbing oxygen where it is plentiful and releasing 
It again in regions poor in this commodity. The blood, there- 
fore, although having important nutritive functions, is the chief 
medium for the transportation of oxygen throughout the body. 
Lymph differs from blood in lacking the red blood corpuscles 
and specializes in feeding and cleansing the tissues of the body. 
Blood and lymph also transport the phagocytic cells, which 
estroy infectious bacteria and carry away the fragments of cell 
decomposition to the organs where they are eliminated. In 
nef the circulatory system carries the materials necessary for 
metabolism to the cells of the body and transports the waste 
P ducts from them to the excretory organs. It also carries the 

to Z "hV'f endocrine organs 

thus nrpv ^ equilibrate the water content, 
thus preventing the rapid drying of exposed parts. 

It conZnrT‘r-~'^^‘^ blood is the plasma. 

sLarZnd A ® ^^ter, various proteins, salts. 

The cellular elements of the circulating blood include the ery- 
rocy es or red cells, the thrombocytes or spindle cells, the 
eucocytes or white cells. The latter includes the lymphocytes 

interest in Amphibia are the plasmocytes resulting Zr the 

ragmentation of the red blood cells and hence not considered an 
dditional type. The plasma of Amphibia, on account of the 
ow body temperature, is a far more efficient carrier of oxvln 
iZ.Zj- (Barcroft, 1924 ), since more oxygen gL 

ox^^gen Zde^d ^^'^'^'’^beless, most of the 

yg needed by the tissues is brought to them by the 
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erythrocytes. The efficiency of the haemoglobin as a carrier 
of oxygen varies with the species due to chemical differences 
in their haemoglobin (Chap. VII). 

The red blood cell of Amphibia is an elliptical disc sometimes 
bulging in the center where the oval nucleus occurs (Fig. 69A). 
It varies in size from approximately 70 microns for the greatest 
diameter in Amphiuma to 18 microns in Bombina (Ponder, 1924). 
Amphiuma may claim the distinction of having the largest 
erythrocytes of any animal. Those of some other perennibranchs 
are only 7 or 10 microns smaller. This difference between the 
size of the erythrocytes of perennibranchs and those of other 







ABC DC. 

Fig. 09. — The principal types of blood cells in the frog, Rana pipiens. A. 
Normal erythrocyte. B. Small lymphocyte. C. Eosinophilic leucocyte. D. 
Polymorphonuclear leucocyte. E. Thrombocyte. {After Jordan.) 


Amphibia extends to all the cells of their bodies and, from observa- 
tions of Smith (1925), would seem to be closely correlated with 
the lower metabolic rate of these forms. The number of ery- 
throcytes varies from nearly 700,000 per cubic millimeter in 
Hyla arborea (Heesen, 1924) to 56,633 in Necturus and 36,000 
in Proteus (Ponder, 1924). In any species the number is subject 
to considerable variation, it being greatest just before spawning 
and lowest just after sexual activity. Aquatic forms tend to 
have a lower count than terrestrial forms (Heesen, 1924). T 's 
occurs apparently because the blood of aquatic forms is more 
subject to dilution. Food, temperature, and disease affect t e 
number, and there is also a pronounced sexual difference in some 
species at least, the male having the greater number of eryt rocy- 
tes. In case of the frog, the life of any one 
probably not over 100 days (Jordan and Speide , ;• 

Nevertheless, this is considerably longer than in higher ^ 

man the average life of an erythrocyte is 10 days. The re oo 
cells are removed from the blood stream by the liver and spleen, 
especially by the Kupffer cells in the former organ. T ese ce s 
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protrude into the blood vessels and capture passing erythrocytes 
before they disintegrate. 

In higher vertebrates there is found both an increase in number 
of erythrocytes over that of Amphibia and a diminution in their 
size. There is also an increase in the amount of blood as com- 
pared with the living weight (Frase, 1930). The smaller the 
red blood cell the greater is the surface of exposure in any 
quantity of blood. The nucleus, which has nothing to do with 
the absorption of oxygen, is finally eliminated in the mammals, 
and the Amphibia are noteworthy in showing at various stages a 
similar progressive change. In terrestrial Salientia and Caudata 



Fia. 70. — Optical section of a blood 
erythrocytes and basophilic plastids. 
erythrocytes. {After Emmel.) 


vessel of Batrachoseps showing enucleated 
Ba., basophilic plastids; E.E., enucleated 


as well as in some aquatic forms, there is a fragmentation or 
enucleation of some of the red blood ceUs. In Rana temporaria 
this fragmentation has the appearance of the splitting off of 
small portions of the cytoplasm (Beyer, 1921). In Bufo the 
fragmented portions are larger, while in Bombina they may be 
larger than the nucleated portion. In some urodeles there is 
so little cytoplasm remaining with the nucleus that the latter 
has the appearance of being extruded from the ceUs as in the 
development of erythrocytes in the mammalian embryo. The 
fragmentation reaches its extreme in Batrachoseps (Fig 70) 
where more than 90 per cent of the red blood cells are enucleated 
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(Emmel, 1924). Further, all stages of enucleation may be found 
in the circulating blood. This change is not correlated merely 
with terrestrialism. Aneides lugubris and Plethodon cinereus 
have only 2.3 per cent of the blood so altered. The difference 
occurs in both the adults and the embryos, and Emmel has sug- 
gested that the great increase of enucleated red blood cells in 
Batrachoseps has been conditioned by the abbreviation of the 
gills of the embryo and the reduced vascularity of the integument 
of the adult. It may well be, however, that the change in the 
respiratory efficiency of the blood of Batrachoseps preceded the 
alteration of gill form, for an hypertrophy of the gills may be 
readily effected during the ontogeny of many urodeles by merely 
decreasing the available oxygen (Drastich, 1925). 

The thrombocytes or spindle cells resemble erythrocytes but 
are smaller and have pointed ends, a granular endoplasm, and 
clear ectoplasm (Fig. 69E). They are very unstable and when 
brought in contact with foreign substances break down, releasing 
a substance which acts on certain plasma proteins in the presence 
of blood calcium to form an insoluble clot or coagulation. In 
this process the insoluble fibrin is formed from the protein 
fibrinogen and blood corpuscles become entangled in the 
resulting gel to form the clot. In many lungless salamanders and 
especially in Batrachoseps, the thrombocytes are frequently 
fragmented and resemble the blood platelets of mammals both 
structurally and functionally (Emmel, 1925). There are also 
present in Batrachoseps basophilic plasmocytes arising from 
basophilic leucocytes. Spindle cells do not occur in mammals, 
and the blood platelets which are so important in preventing 
excessive bleeding arise from a different type of mother cell. 

Phagocytosis. — The lymphocytes, monocytes, and granulocytes 
are less abundant in the blood than the erythrocytes and throm- 
bocytes. Further, they vary much more in size and form. e 
lymphocytes are nucleated blood cells with a large nucleus ^ 
comparatively small amount of non-granular cytoplasm. e 
small lymphocytes are often found associated wit rapi y 
growing tissues and it has been suggested that they may ave 
growth stimulating properties (Jordan and Speidel, 19 ). e 

large lymphocytes specialized for phagocytosis are ca e 
cytes.” The so-called macrophages,” cells which wander y 
amoeboid movement through the tissues, devouring bactena, 
cell debris, or other injurious material, are merely enlarge mono 
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cytes in action outside the blood stream. By injecting cream 

into the living tadpole’s tail, Clark and Clark (1928) witnessed 

the migration of monocytes through capillary walls to phagocy- 

tose the fat globules. They get out of the capillaries by squeezing 

their way between the epithehal cells of the capillary wall. The 

injection of bacteria causes an increase in the monocytes in the 

blood, and Pentimalli (1909) concluded that the amphibian 

normally responds to bacterial infection by increasing the 
production of monocytes. 

Some of the granulocytes also have phagocytic functions. The 
neutrophiles, which have a finely granular cytoplasm unlike 
the other leucocytes, induce the breakdown of worn tissue, while 
the macrophages carry away the debris. The eosinophile’s (Fig. 
69C), which may be identified by their large eosin-staining gran- 
ules, are found commonly along the digestive tract and may have 
functions similar to the neutrophiles. As the granulocytes mature, 
their nuclei assume very irregular forms and may even divide 
into several parts. Granulocytes, like the monocytes, are not 
confined to the blood vessels but may migrate into any of the 
tissues of the body or may even make their way carrying their 
phagocytosed material to the outside of the body by wandering 
out on mucous and epidermal surfaces (Claypole, 1893). Jordan 
and Speidel (1923a) suggest that the eosinophiles which pass 
through the intestinal epithelium and disintegrate among the 
ecal contents of the tract may have an immunizing function 
against the intestinal bacteria. Most leucocytes which escape 

from the blood vessels are returned to them again by way of 
lymphatic vessels. 


Ongm of Blood Corpuscles.-The blood corpuscles all arise 
from a single type of cell indistinguishable from the lymphocyte 
of the circulating blood but located for the most part in the kidney 
of the tadpoles (Jordan and Speidel, 1923a) and in the spleen of 
adult frogs such as Rana pipiens. Only for a short period in the 
spring when the metabolic rate is high, does the bone marrow 
forni the locus for blood histogenesis as in the case of mammals 
in the more terrestrial Rana temporaria, however, with its 
ig er metabolism, the bone marrow has the same function 
ound in mammals (Maximow, 1910). Jordan and Speidel 

formatin^T^* primary center of blood cell 

ormation from the kidney in fish to the bone marrow in mammals 

correlated with an increase in the metabolic rate during phylo- 
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geny. The Amphibia are of interest in showing during ontogeny 
the whole range of possible loci. Some species may have dif- 
ferent areas for red blood cell and for granulocyte genesis. Thus, 
Jordan and Speidel (1924) found that in the newt the spleen 
was the sole organ for erythrocyte and thrombocyte formation, 
while the granulocytes were generated in outer portions of the 
liver. Since the mother cell is the same in both sites, it would 
seem that an environmental factor, possibly different degrees of 
vascularization, determined the final form assumed by the blood 
cell. 

There are various masses of lymphoidal tissue in the bodies of 
Amphibia. The more conspicuous are located anterior to the 
clavicles of frogs or between skin and muscle near the girdles of 
burrowing species. During the spring these produce both lym- 
phocytes and leucocytes but appear to store fat at other seasons 
(von Braunmiihl, 1926). Accumulations of lymphocytes in the 
connective tissue and overlying epithelium of the lingual region 
occur in both frogs and urodeles. These may be described as 
tonsils (ICingsbury, 1912; Myers, 1928). In the urodeles they 
occur in front of the glottis, near the articulation of the jaws and 
under the tongue. In the Salientia they are of more variable 
occurrence, the sublingual tonsil being the most constant. 
They usually do not appear until metamorphosis, although in 
Bufo they may develop before metamorphosis is complete. The 
Amphibia are the lowest group of vertebrates in which tonsils 
occur, the lymphocyte accumulations in the fish being too diffuse 
to be called tonsils. In these loci lymphocytes and leucocytes 
increase by fission. The amphibian tonsils are, thus, defense 
stations from which hosts of phagocytosing cells may bemobolized 
for an attack against bacteria or protozoan invaders of mouth 
and lungs. Red blood cells of Amphibia are also able to undergo 
multiplication in the blood stream by mitosis (Dawson, 1928). 

Blood Vessels. — The blood vessels as well as the first bloo 
cells originate from mesoderm. In large-yolked species such as 
Desmognathus, discontinuous thickenings of mesoderm, the ^ 
islands, join to form the vessels (Hilton 1913). In smaller-yo ke 
forms as Ambystoma, or even in some large-yolked forms as 
Megalobatrachus, the area may be more continuous and v^tra 
on the yolk. Goss (1928) found that cutting away the blood 
island from the ventral surface of Ambystoma embryos did not 
prevent the development of the blood vessels but that these grew 
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without any red blood cells. Federici (1926) obtained similar 
results on removing the median ventral blood island of frog 
tadpoles. Hence the blood vessels arise from a different primor- 
dium than the erythrocytes. The early embryonic vessels are 
formed independently of the molding influence of flowing blood, 
but very soon in development the mechanical effect of the cir- 
culating fluid becomes evident. Clark (1918) found that destroy- 
ing the hearts of tadpoles prevented a development of the vessels 
beyond an embryonic stage. It would seem that the full elabora^ 
tion of the blood vessels may be a functional matter dependent 
chiefly on the blood pressure within and the available space 
without the vessels. In Ambystoma the early differentiation of 
brain and pronephros seems to stimulate the development of the 
vascular system in these regions at this stage, the chief function 
of the vessels being the ehmination of injurious products of metab- 
olism (Moore, 1915). Nevertheless, the larger vessels continue 

to develop according to a definite plan whatever be the mechanical 
lactors regulating this scheme. 


L 


, . i_ , , — lo a ouuiuiesunai vessel 

which may be divided anteriorly by the yolk into twoomphalo- 

mesentencs. A cardinal vein appears on each side in the body 

send pronephros and grows posteriorly to 

send branches to the caudal or posterior extension of the subin- 

testinal vessel (Grodzinski, 1924). At its anterior end the sub- 

^nll7 ^^ter uniting to form a 

S r 7 dorsal aorta. ?he 

latter gives off intersegmental branches to the body waU and 

others supply the gut. The heart, which develops very early 

the submtestinal vessel, pumps the blood through tL aortic 

arches (the vessels between the gill slits) and back along the dorsal 

aorta to supply body wall and gut. The circuit is completed 

along the gut by way of the subintestinal vessel and along the 

body wall by the postcard! nals. The cardinals extend across the 

side^ '^The^ bw™ the Cuvierii entering the heart on each 
ide The submtestinal is further modified by the growth of 

of "theTerseh ^ ^ glandular outgrowth across the path 

ve Jsds embryonic 

vessels are the conduits leading blood to the heart. They are 
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equipped with valves which prevent the backflow of the blood. 
The arrangement in urodeles is very similar to that of lung fishes, 
and here functional covergence may have produced the structural 
resemblance. The postcardinals are present in the larvae of 
urodeles and frogs but are usually replaced in the adult by the 
vena cava posterior^ a new formation first found in dipnoans and 
lying, unlike the subintestinal vessel, dorsal to the gut. In the 
adult Ascaphus and Bombina, as well as in some adult urodeles, 
both postcardinals and the posterior vena cava occur together. 
The latter vessel functions alone in dipnoans, which are thus 
more advanced in this regard than many Amphibia. The poster- 
ior portions of the postcardinals are modified to form a renal 
portal system. In Amphibia this system collects blood from the 
tail and limbs and sends it to a capillary plexus in the kidneys. 
Some of the blood from the hind limbs is returned to the heart 
by way of the abdominal veins which are paired vessels associated 
with the cardinals in the body wall of sharks, and which represent 
the primitive route for returning blood from the hind limbs to 
the heart. In Amphibia the abdominal vessels are fused to form 
a single conspicuous vessel running along the ventral surface 
of the abdominal cavity and emptying, not into the cardinal 
veins as in fish, but into the hepatic portal vein. Blood from the 
legs must pass, therefore, through either the renal or the hepatic 
strainer; it cannot pass directly to the heart without sifting 
through a capillary net. The anterior cardinals are less modified 
in Amphibia. They receive blood from the internal and external 
jugulars as in fish. Dipnoans, with their well-developed lungs, 
have anticipated the Amphibia in developing a pulmonary vein 
returning blood directly to the heart, but Amphibia have special- 
ized for respiration in another direction as well. They have 
developed a pair of large veins under the skin of the body to 

assist in cutaneous respiration. 

The blood vessels leading away from the heart are the arteries. 
They differ from most veins in having muscular walls, which 
are present, however, in the largest veins. A short distance from 
the heart the main vessel, the anterior part of the subintestinal, 
divides and sends paired branches to the dorsal side of the gut 
by the only route available, namely, by the tissue between the 
gill clefts or pouches. The resulting aortic arches may be four 
in Amphibia, although two more anterior to these are indicated in 
the embryo. In many adult urodeles and all Salientia the fifth 
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of these six arches dwindles away. In the Salientia the third and 
sixth arches lose their connection with the dorsal aorta, only the 
fourth remaining as the so-called “systemic arch.” In the cae- 
cihasM» ^aortic arches occur. The arteries leading cranially 
from the third arch areTKe^xternal and internal carotids. The 
sixth arch sends a pulmonary artery to the lungs, as well as a 
branch to the pharynx. In the lungless salamanders the pul- 
monary artery is lost but the arch remains to supply the pharynx 
with blood in need of oxygenation. The sixth arch also gives 
rise to a cutaneous artery which sends several branches to the 
skin where much of the respiration of all Amphibia takes place. 
When gills appear during the larval life of most Amphibia, a 
direct connection between ventral and dorsal aorta remains at 
the base of each gill. With the loss of the gills at metamorphosis 
this connecting channel, the original aortic arch, is further devel- 
oped. The segmental arteries of the body are decreased in 
number in Sahentia, apparently in correlation with the modified 
metamerism. There are various differences between the blood 
vessels of the pelvis of frogs and salamanders. Some of these 
are correlated with the loss of the tail in the frog. The arteries 
and veins in a typical urodele are shown in Fig. 71 A and B 
N^ecturus, the species figured, differs from the above description 
chiefly m the aortic arches. The sixth, with its pulmonary 
artery appears to be part of the fifth which is well developed while 
most of the sixth has been lost in the adult in correlation with the 

aiiure of the last branchial cartilage to develop (see p. 102). 

f A development of lungs in the piscine ancestors 

of Amphibia, It became necessary, inorder to secure the maximum 
efficiency from these organs, to separate those blood channels in 
need of oxygen from those already supphed with it by the lungs 
Some dipnoans partly succeeded in accomplishing this necessary 
advance by forming an incomplete separation of the two halves 
of the single piscine auricle, the left auricle for the blood received 
from the lungs and the right for that from the body. The 
division of the two blood streams was continued in the ventral 
aorta by the formation there of another incomplete partition the 
spiral valve. This same plan of separation is taken over’and 
further developed in Amphibia with well-developed lungs. 

The heart, which may be considered a modified portion of the 
subintestmal vessel equipped with striated branching muscle 
fibers of a type not found elsewhere in the body, has the form 
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A B 

Fig. 71. — The vascular system of Nedurus macidosus. A. 
left arm and leg omitted. Ventral aorta and its branches'shwe , sys 

arteries in solid line. B. Venous system, viewed ventrally ^Ar*<»rial 

the right side. Right arm and left leg omitted. (After M 
system: A.B.I., first afferent branchial artery; A.B.IL, second a KoflilAr* 

artery; A.B.III., third afferent branchial artery; A.O., dorsal aor a, ’ 

Ca.. caudal aorta; C.C.. cerebral carotid; CoeM.. “ t 

cutaneous; E.B.I., first efferent branchial artery; F.BJL, secon 
branchial artery; E.B.IIL, third efferent branchial artery; E.C., „„ ’ 

E.I.M., external inferior maxillary; Epi., epigastric; Fr., femoral, g 
hepatic; I.C., internal carotid; I.I.M., internal inferior maxi ary, * 



THE CIRCULATORY SYSTEM 


189 


of a tube folded on itself S-fashion. The upper half of the S 
is the thin- walled receiving part of the heart; the ventral, the 
muscular propelhng section. The blood is prevented from flowing 
backward by valves, one set placed near the entrance to the heart, 
a second between the two main parts, and a third in a double 
series in the ventral aorta leading away from it. The receiving 
portion of the heart is provided as in fishes with a sinus venosus 
which joins the ducts of Cuvier and merges anteriorly into the 
atrium. The latter is divided into two auricles completely 
separated in frogs and older urodcle larvae by a thin septum of 
endothelium and connective tissue. The sinus venosus empties 
into the right auricle and the pulmonary vein into the left. In 
adult urodeles with well-developed lungs a few minute perfora- 
tions appear in this membrane, but, as shown by injecting ink 
into the living heart, these small holes do not permit an observ- 
able mixture of arterial and venous blood (Noble, 1925). The 
propelling part of the heart, the ventricle, is not divided by a 
septum, but its chamber is crossed by many muscular strands 
which tend to hold blood received from the left auricle separate 
from that received from the right (Fig. 72). The ventral aorta 
or conus arteriosus is furnished with striated muscles and hence 
ma,y be considered a part of the heart. Its caudal section or 
pylangium is more muscular than the cranial portion or synan- 
gium Two to four semilunar valves that are directed forward 
guard the entrance to the pylangium, while the same number of 
similar valves are found at its cranial end at the beginning of the 

urodeles with well-developed lungs is extended caudally in the 
form of a spiral for more or less the entire length of the pylangium. 
This valve has important functions in separating arterial from 
venous blood as they are forced out from the ventricle. 


epermatics: Tr., truncus arterioeua; Vert. verteLal V. i 

ren^lloHaU^CpJ ^ forming 

branch^ from "stoZeh io hepaUc « ™ ’ 

iu^tr 7Zl'- f "lateraplf' t'jTu' 

posterior cardinal)- 56 c snh placed just above anastomosis with 
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The oxygenated blood received from the lungs is squeezed 
from the left auricle into the left and caudal part of the ventricle. 
The blood that is poor in oxygen is forced from the right auricle 
a moment before the blood is sent from the left and tends to 
remain on the right side of the ventricle, being held in this posi- 
tion by the many muscular strands. Since the conus springs 
from this half of the ventricle, this poorly oxygenated blood is 
forced out first into the pylangium when the ventricle contracts. 



Fio. 72. — Heart of Rana caiesheiana, frontal section, showing the septa which 
prevent the mixing of the arterial and venous blood in the ventricle. Ch., chorda; 
tendinea; D.A.~V .V dorsal auriculo-ventricular valve; L.A., left auricle, 
L.A.’V.V., left auriculo-ventricular valve; Py., pylangium; R.A., right auricle, 
R.A.-V.V., right auriculo-ventricular valve; S.A., auricular septum; Vent., 
ventricle. (After Benninghoff.) 


The blood makes its way into the nearest openings and into those 
vessels offering the least resistance. These are the openings 
into the sixth or pulmonary arches, which because of their 
short circuit, are free from the resistance of accumulated blood. 
In salamanders the openings to the pulmonary arch lie directly 
cephalad of the synangial valves, but in frogs the two pulmonary 
arches unite to form a single vessel which opens into the pylan- 
gium just caudal of the synangial valves. This position, nearer 
the source of supply, is a more favorable one for securing the first 
blood passed through the pylangium. As the blood is squirted 
into the pylangium, the latter contracts, bringing the free margin 
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of the spiral valve against its wall and forcing the blood received 
during the latter part of the contraction to flow along only the 
ventral surface of the valve and hence to the more ventrally 
situated vessels in the synangium (Fig. 73A). This blood, which 
comes from the ventricle last, is the oxygenated blood from the 




_ B 

A?' aalanianders opened along the left side 

Si::? Tv'! 

left auricle and it is directed into the carotid and systemic arches 
by the spiral valve. In Rana, the spiral valve completely shuts 
off from the pulmonary arch the systemic flow of blood; but in the 
salamanders, where the openings from all the arches he in the 
synangium, it would seem that some mixture must occur. Never- 
theless the directive action of the spiral valve is such that ink 
injected into the left aTuncle is found to be carried only to the 

ventral part of the truncus, from the point where the anterior 
arches anse. 

A further device for making sure that the- oxygenated blood be 
carried to the head of Amphibia is the development of a so-called 
carotid gland at the point on the third arch where the internal 
and external carotids take origin. This structure is not a gland 
at all but merely a spongy enlargement of the arch which offers 
further resistance to the blood and steadies the pressure by con- 
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tinuing to contract between beats. There is also a valvula para- 

doxa near this point which may equalize the flow of blood in the 
two carotids (Subba Rau, 1924). 

Modifications of the Heart.-Many salamanders undergo a 
reduction of their lungs, for they live in situations where cutan- 
eous and buccopharyngeal respiration alone will suffice. In 
these forms the auricular septum becomes greatly fenestrated, 
the left auricle reduced, and the spiral and paradox valves lost 
(Fig. 73B). A few salamanders with lungs, such as Crypto- 
branchus, live in water and do not use them as much as do some 
terrestrial forms. In these species the auricular septum is 
fenestrated and the spiral valve is lost, while the left auricle still 
maintains a large size. The close correlation between the 
development of a spiral valve and the functional completeness 
of the auricular septum suggests that mechanical factors, such as 
the stagnation of blood in the lungs, are responsible during each 
ontogeny for the fenestration of the auricular septum. Since 
this partition is complete in the late larvae of urodeles, it would 
seem that the primitive Amphibia were equipped with hearts 
capable of separating arterial and venous streams. Those 
modern urodeles, which as permanent larvae continue to live in 
the water, or as specialized terrestrial forms have given up the 
use of the lungs, exhibit various retrogressive changes in the heart 
mechanism. Similar co^itions have been described in caecilians. 
These Amphibia may be compared to the human fetus which, 
unable to use its lungs, maintains a foramen between right and 
left auricles, serving to equilibrate the pressures of the two blood 
streams. 

Although the heart has the form of a twisted tube, it does not 
owe this character solely to the pressure of adjacent tissue, such 
as the Cuvierian ducts behind and the aortic arches in front. If 
the heart rudiment is removed from a frog embryo and cultured 
in Ringer^s solution, it may grow into a twisted, pulsating organ 
(Ekman, 1924) which, however, has not a typical form. Trans- 
planting a heart rudiment into the tissues of a second frog embryo 
in such a way that it taps the blood supply will give a ** parasite” 
heart of enormous size while the host’s own heart especially the 
ventricle, dwindles. Thus function may have an important 
effect on the size of the heart or its parts, although only a little 
on its general form (Stohr, 1925, 1926). ^Salamanders of great 
length but only moderate girth, such as Siren and Amphiuma, 
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have increased the heart capacity by the development of a series 
of pendulent extensions of the auricles (Fig. 74) and the same 
maintains in the small, but very slim Pseudobranchus. 

Function of the Heart. — The primary function of the heart 
is to force blood into the arteries against the pressure caused 



by the tonic contraction of the smooth muscle fibers of the arteries 
and arterioles. The difficulty is increased by the friction within 
these vessels and capillaries as 
well as by the viscosity of the 
blood due chiefly to the rela- 
tive amount of protein held 
in colloidal solution in the 
blood. The blood pressure 
maintained by the heart 
must be higher than that of 
the osmotic pressure of the 
plasma proteins in order to 
permit the filtration of urine 
through the glomeruli of the 
kidney. In the frog the sys- 
tolic pressure of the heart is 
about three times the osmotic 
pressure of the colloids (Bieter 
and Scott, 1928). 

The output of blood by the 
heart must be sufficient to in- 
sure an adequate supply of 
food and oxygen for the tis- 
sues of the body. The blood 
flow in the capillaries, because 
of their larger total area, 

is much slower than in the larger vessels, thus allowing greater 
opportunity for gas exchange and other functions of the blood to 
take place. The heart output is determined in part, by the stroke 
volume of blood but chiefly by the rate of pulsation. The 
latter is regulated principaUy by the vagus which inhibits the 
heart rate and by the sympathetic impulses which accelerate it. 
Hraupl (1927) has demonstrated the cardio-accelerator effects 
upon stimulation of the isolated sympathetic trunk, after cutting 
the vagus connection to the heart. The rate is affected by 
emperature, graduaUy increasing with each rise up to a certain 


XT of ^r en lacertina. 

Numerous finger-like pro^sses ^e4tiy“ 
increase the volume of the auricles. 
L.Au., left auricle; Pyl., pylangium; Syn., 
synangium; Yen., ventricle. 
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maximum but with a greater increase between 10 to 35^C. than 
between lower temperatures (Inukai, 1925). The slowing in 
heart rate during cooling is partly compensated for by a reflex 
increase in the stroke volume (Schulz, 1906) which tends to 
maintain the heart output despite a decrease in heart rate. 

Any living tissue after excitation shows a refractory period 
during which it is not excitable. This period is much longer in 
heart than in skeletal muscle and gives it a rhythmic beat. 
Contraction of the heart begins at the sino-auricular node in 
Amphibia. It can be shown experimentally that cooling the 
zone of union between sinus venosus and right auricle will slow 
down the heart rate, while cooling the surface of auricles or ven- 
tricles does not have this effect. Although all heart muscles will 
contract rhythmically on stimulation, the tissue of the sino- 
auricular node is especially sensitive and comparatively rapid in 
rate of response. If the heart is removed without the sinus, the 
beating is less rapid than when the sinus is left attached to the 
isolated heart. Hence the sino-auricular node is the “pace 
maker” for the remainder of the heart. 

Even though the heart is normally regulated by nervous con- 
trol, it can function independent of innervation. Further, each 
species seems to have its own rate of pulsation. The heart of 
Amhystoma tigrinum transplanted into A. maculatum retained its 
own rate in this new environment (Copenhaver, 1927). Weiss 
(1927) succeeded in transplanting the hearts of adult Bombina 
and noted some effect of the host upon the beat of the trans- 
planted heart before a new innervation was established. This 
he interpreted as due to a hormone. The recent work of Copen- 
haver (1930) indicates that the sinus has not only important 
functions in controlling the rate of heart beat in Ambystoma but 
may also influence the specific tempo of the beat. The posterior 
part of the heart of A. tigrinum may be transplanted into A. 
maculatum in such a way that it will combine with the anterior 
part of the heart of the latter species. In such cases the posterior 
part not only dominates the anterior part by acting as a general 
pace maker, but it also imposes its own specific rate upon the 
heart parts of the host species. 

Blood pressure is increased by a constriction of the arterioles 
and capillaries. Stimulation of the medulla of the frog causes a 
strong constriction of the arterioles of the webs between the toes 
(Bikeles and Zbyszewski, 1918). There are also vasoconstrictors 
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in the spinal cord. Besides the nerves, hormones may affect 
the constriction of the peripheral vessels. Pituitrin, the hor- 
mone of the posterior lobe of the pituitary gland, as well as 
adrenalin induces a constriction of the vessels. 

Lymphatic System. — Besides the arteries and veins, there is 
another system of channels extending throughout the body of 
Amphibia. These are the lymphatics, which collect the blood 
which seeps through the walls of the capillaries and return it to 
the veins. Such blood is devoid of erythrocytes and is, therefore, 
colorless, but it contains most of the other ingredients of blood. 
It is called “lymph.” 


The lymphatic vessels may arise by sprouting from embryonic 
blood channels in very much the same way as arteries and veins 
arise from these plexes, or they may be formed from mesenchyme 
independently of preexisting channels (Kampmeier, 1922). 
Although the lymphatics closely resemble the bloodvessels in their 
origin, they differ in that they frequently widen out to form great 
sinuses and make connections with the large pericardial and peri- 
toneal cavities. Unlike blood vessels the lymphatics of the intes- 
tine absorb fat and are known as lacteals.” The lymph vessels 
of urodeles form two main systems: one running parallel to the 
aorta and emptying into the subclavian vein of each side, another 
lying superficially under the skin and carrying the lymph chiefly to 
the postcardinals and cutaneous veins. The lymphatics of the 
Salientia are remarkable in forming large sinuses under the skin, 
the function of which may be to prevent a rapid drying of the 
skin. The lymph in these channels flows towards the heart and 
it is pumped into the veins by a series of lymph hearts. In the 
caeciliansjh^ may b^over 200 qf these_hear^ lying flat^uloder, 
the_^in^ter^me^lly and forcinglthe' lymph into interseg- 

mentaiji^einsJPi^u^r^ Each heart, which is a simple sac 
of endothelium encircled by a network of striated muscle and a 
sheath of connective tissue, receives lymph from several lymph 
vessels. Valves prevent the flow of blood from the veins into 
the lymphatics. In urodele larvae there may be a series of similar 
hearts along the body emptying into the large cutaneous vein. 
In tadpoles there is a pair of lymph hearts emptying into the 
third intersegments vein (Fig. 75) and several others along the 
tail. Grodzinski (1925) correlates this reduction with the poor 
development of the large cutaneous veins in the tadpole. In 
adult Salientia there is usually a single pair, the anterior pair 
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of the tadpole, emptying into the vertebral vein, and a caudal 
pair, one on either side of the coccyx, pumping the lymph into a 
branch of the ischiadic vein. These hearts may be readily 
observed by removing the skin from the end of the coccyx. 


Si.Circ.Or. 



Si.Temp 


Si.Mand. 


Si.Pencard, 


Cor. Lym. 
Ant.Sin. 


Lym. Lat. 


Lym.Jug. 
Cor. Lym. 
AntOex 


Fig. 75. — Reconstruction of the lymphatic vessels of the head of a toad 
tadpole showing their relation to the larger blood vessels. CoT.Lvm.AfU.Dex., 
right anterior lymph heart; Cor.Lym.Ant.Sin., left anterior lymj^ heart, ym. 
Jug-, lymphatica jugularis; Lym.Lat., lymphatica lateralis; Si.Circ.Or., 
division of sinus maxillaris primigenius; Si.Mand., mandibular dmsion, i. 
card., pericardial division; Si.Temp., temporal division. {After Kampmeier.) 

Their beating is independent of that of the heart or of the other 
lymph hearts. It is, nevertheless, under nervous control since 
cutting away the spinal cord destroys the beat. The Ipnnph 
heart tissue is thus neither structurally nor functionally similar to 
heart tissue (Briicke and Umrath, 1930). The number of 
lymph hearts varies with the species. In the primitive Ascaphus 
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there may be three pairs of lymph hearts near the coccyx, and 
some brevicipitids and pipids may have two or three pairs. Even 
Rana, which is usually described as having only one pair of poste- 
rior lymph hearts, may have this one divided into three pairs 
(Jolly and Lieure, 1929). 

The amount of lymph flowing through the four small lymph 
hearts of frogs is very remarkable. Isyama (1924) estimated 
that the entire blood plasma goes through these portals fifty 
times a day. This speed of lymph circulation, much greater than 
in mammals, is a consequence of the greater permeability of the 
blood vessels in Amphibia (Conklin, 1930). It demands, more- 
over, a mechanism of the rapid return of the lymph to the blood 
vessels in order that the blood volume be not seriously lowered. 
The lymph heart system of Amphibia is well developed as an adap- 
tation to meet the exigencies of a rapid turnover of lymph. If the 
hearts become clogged or otherwise fail, the frog soon becomes 
edematous and dies because of the isolation of valuable con- 
stituents of the blood in the lymph spaces. 

The lymphatics may have special functions to perform. At 
times of injury those near the wound gather up extravasated 
erythrocytes lying near the lymphatic capillaries. The eryth- 
rocytes seem to exert a specific attraction on the endothelium of the 
lymphatic capillaries which send out sprouts for a distance as 
great as 76 microns and gather up the red blood cells, finally 
to return them to the veins intact (Clark and Clark, 1925) If 
the erythrocytes are further away than this distance, or remain 
there over 12 hours, the wandering macrophages phagocytose 
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CHAPTER IX 


THE DIGESTIVE SYSTEM 


Life on land necessitated a profound change in the anterior 
portion of the digestive tract. A tongue for the seizing and 
swallowing of food developed to meet the new conditions of hfe. 
As shown in the ontogeny, this structure was formed by the 
addition of a glandular fold anterior and lateral to the piscine 
tongue rudiment. Fishes lack multicellular glands in the mouth, 
but the first tetrapods, to judge from the fenestrae in the palates 
of labyrinthodonts, were equipped with a glandulajunass behind 
the premaxillaries. In Salientia and Caudata this gland o'Jens 
by one or more ducts in the roof of the mouth. Many Salientia 



Fio. 76 —Two types of tongue form in plethodontid salamanders In 
Desmogruithus fusci4S (A) the tongue is attached in front while in 

(B) it is free all round and capable of proiectio’n llyoZTe 


have, in addition, a glandular mass in the palatine region (Cohn 
1910). It is apparently this mass which has extended in Brevi- 
ceps to cover the greater part of the roof of the mouth. The 
chief function of all these glands would seem to be to render the 
tongue more adhesive. Most Salientia have the tongue attached 
by resistent tissue to the front angle of the jaws and capable of 
projection only by flapping the posterior part over and beyond 
the anterior. A few frogs in different parts of the world have 
succeeded in freeing the anterior attachment, and many of the 
common urodeles have the tongue in the shape of a mushroom 
capable of projection several times the length of the head (Fig’ 
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76). It is remarkable that this boletoid tongue is found in such 
moderately aquatic types as the Ite(LSaIamander^(Pseudotriton^ 
and yet is lacking in the terrestrial Plethodon. Thoroughly 
aquatic Salientia tend to reduce the tongue, and both this structure 
and the intermaxillary gland are lacking in the Pipidae. 

The lining of the mouth differs frqn^ skin chiefly in possessing 
numerous mucous or goblet cells and in lacking subepithelial 
mucous glands and pigment. Taste buds are present on tongue 
and palate. Cilia are present on these regions in terrestrial 
Amphibia but are lacking in larvae and in throughly aquatic 
types such as Leurognathus. They are especially active in the 
vicinity of the intermaxillary gland outlets. Unlike the cilia 
covering the body of the embryo, they appear to be under 
sympathetic control (McDonald, Leisure, and Lenneman, 1928). 

The oesophagus is frequently separated from the mouth cavity 
by a fold. Its lining is thrown into^ a number of more or less 
persistent longitudinal folds and is ciliated. The presence of 
cilia suggests that the peristaltic action of the oesophageal 
muscles is not adequate to keep the food moving along by their 
efforts alone as in the case of higher vertebrates. The epithelium 
of the oesophagus agrees with that of the mouth in histological 
structure. Goblet cells are numerous. In some brevicipitids 
the dorsal folds of the oesophagus are composed largely of these 
goblet cells which are massed to form a mucus secreting pad. 
Oesophageal glands are found just before the stomach of Rana 
and Bufo but do not occur in various more primitive Salientia 
or in certain urodeles (Kingsbury, 1894). They are pepsin- 
secreting structures and may be considered modified stomach 
glands (Bensley, 1900). 

Stomach. — The stomach is not sharp ly m arked off from the 
oesophagus. Both are provided with an outer longitudinal and 
an inner circular layer of smo oth muscles. Within this muscularis 
and separated from it by a well-vascularized layer of connective 
tissue is another outer sheath of longitudinal muscle fibers and an 
inner, of circular fibers. These form the muscidaris mucosaej a 
thin layer of muscle lying directly adjacent to the glandular 
lining of the stomach. The muscles function in passing the food 
posteriorly and in mixing it T^h gastric juice in the stomach. 

If disagreeable substances are swallowed, a frog is able to reverse 
this action and turn the stomach inside out, until it bulges far 
outside the mouth. The stomach usually lies to the left of the 
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midline and is curved with the convex side toward the left. It is 
held in place by two folds of the 
pe ritoneum (F ig. 77). Its lining or 
mucosa consists of a simple, colum- 
nar epithelium on which there 
empty great numbers of small glands. 

Those at the oesophageal end of the 
stomach consist of a long neck of 
the same structure as the surface 
epithelium, a few large and trans- 
parent mucous cells, and one or more 
diverticula of cells having a granular 
cyptoplasm (Fig. 78). The latter 
cells apparently secrete both pepsin- 
producing granules and hydro- 
chloric acid. In mammals two 
different types of cells perform 
these functions. The glands near 
the pylorus are comparable to 
the necks of the other glands. 

Large mucous cells are occasion- 
ally found at the bottom of the 
pyloric glands giving further 
evidence of this homology. The 
stomach of Amphibia serves to 
alter both physically and chemically 
the food swallowed; it functions 
also as a place of food storage. 

Food may be available only at 
irregular intervals and many frogs 
are able to expand their stomachs 
enormously when fiUing them on 

these occasions — Viscera of A^cc/urus 

^oculosus. Cl.G., cloacal 

intestines • The intestine in ^ dorsal mesentery; 

Amphibia Is a tube of nearly 

Uniiorm width except posteriorly Mullerian duct; P. pan- 

where it widens to form the large rHLtV --nirbw: 
intestine. It is nearly straight ’ Wolffian duct, 

in some caecilians and only slightly 

exit™".. •.u'* K*«l>ea its 

eme stage the commonAana tadnoles. where the .re.ii 
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intestine is coiled in watch-spring fashion. The intestine 
possesses the same longitudinal and circular muscle layers as the 
stomach. Its mucosa consists of columnar and goblet cells, the 
former having absorptive functions. The mucosa is thrown into 
many longitudinal and transverse folds which like the villi of the 



M. B. 


' s. c. s. c. 


C.T.^ 


Mu. C. 


Gl. Q-. 



B 


Sec. C. 


Fio. 78.— Stomach glands of a salamander. A. Two gastric tubules from the 
middle region of the stomach of Neclurus maculosus. B. Section throi^ 
pyloric-gland tubule. C.T., connective tissue; Gl.C., gland cells; 
genous border of surface cells; Mu.C., mucous cells; N., neck of g ^ 
Lrface cells of the stomach; Sec.C., secreting cells of the fundus of the gland. 

{After Kingsbury.) 


mammalian intestine afford a greater absorptive surface. The 
cross-folds delay the passage of food, and Jacobshagen ( o) 
believes their arrangement may have some systematic value. 
Ufoxleles but no frogs have glands between the folds of the smal 
intestine. They resemble the pyloric glands of the stomach, 
although ducts may be absent (Goldsmith and Beams, 1929). 
The small intestine is sharply marked off from the stomac y 
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the pyloric constriction. In higher Salientia it is equally well 
demarcated from the large intestine by a valve or ring fold. 
The large intestine usually presents a differentiation into two 
parts, an anterior larger reservoir for feces and a posterior more 
muscular part. A slight asymmetrical enlargement of this ante- 
rior section has been considered in some frogs and urodeles to 

represent a rudimentary caecum (Crofts, 1925). It is covered 
with lymphoidal tissue. 

Glandular Outgrowths.— Associated with the anterior part of 
the small intestine are the liver and the pancreas, the two glan- 
dular outgrowths of the embryonic midgut/common to all verte- 
brates. The liver develops very early in l4na by the formation 
of a cavity in the vitelline mass. A diverticulum is produced 
from the antero- ventral margin of the cavity (Weber, 1903) and 
develops into a compound tubular gland. The cavity and proxi- 
inal portion of the gland are transformed into a hepatic duct. 
A gall bladder is formed as a reservoir for the secretion of the 
gland. The pancreas arises near the liver in the form of three 
outgrowths from the intestinal wall, which soon fuse to form a 
Hingle structure The distal portions of the outgrowths form 
glands of the tubular or acinous type; the proximal portion, the 
ducts. In urodeles two of the ducts empty into the intestine 

with^hTh association 

wi h the hepatic duct.l In Salientia the more anterior duct 

lost (Goppert, 1891). Of especial interest are a series of cell 

are the islets of Langerhans. They develop without ducts and 

IntestiL'' hveTrr^*'*' Wood stream, 

intestine, liver, and pancreas are covered with peritoneum which 

owns in -'■‘Pi' ll>« 

pS m the deSi?e1 i ^ proteins. These 
animal and when digested may be resynthesized to form 
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carbohydrates. The latter are stored in the organism mainly 
in the form of the insoluble substance glycogen. The glycogen, 
when needed, is converted into some form of sugar (mostly glu- 
cose) which on oxidation is the greatest source of energy in all 
animals. Starvation in Amphibia as well as in man quickly 
leads to the depletion of the carbohydrate stores. Hence the 
energy for the fasts, which are perhaps not rare in Amphibia, 
must be furnished by the fat reserve or by the tissue protein. 
Since fat is stored in practically a pure form, while protein is not, 
the storage of energy in the form of fat is much more economical 
than in the form of protein. Nevertheless, Amphibia are lean 
animals and never have learned the trick of developing the great 
stores of fatty tissue seen in birds and mammals. Perhaps 
cold-blooded animals, with their low metabolism, have no need 
of these stores of potential energy, or perhaps one of the reasons 
for their never becoming warm-blooded is the leanness of their 

bodies. 

Digestion in Amphibia follows, on the whole, the typical 
vertebrate pattern known to us in our own bodies, however, with 
certain modifications. An insect seized by a frog is quickly 
swallowed, the small teeth crushing it only to a small extent and 
the secretions of the mouth serving merely as a lubricant. 
Digestion first begins in the stomach where the gastric glands 
secrete hydrochloric acid and also an enzyme, pepsin, which 
acts solely on the proteins transforming them into substances 
of smaller molecular weight. A second enzyme, rennin, has been 
shown by Kingsbury (1894) to be present in the stomach of 
Necturus, but as no Amphibian normally drinks milk on which 
this enzyme is well known to act in mammals, its function in 
Amphibia is obscure. 

The partly digested food rendered acid by the gastric juice is 
passed on to the intestine. The intestinal glands activated by 
this acid produce a substance secretin, which is released not into 
the intestine but into the blood. On reaching the pancreas, 
secretin causes the pancreas to pour forth its high y a a me 
secretion which stops the action of pepsin but initiates a secon 
series of digestive processes. This pancreatic juice contains 
three additional enzymes. The most important for the carniv- 
orous diet of Amphibia is trypsin which is secreted in an inactive 
form, trypsinogen, but is rendered active by a substance secreted 
by the intestinal wall. It continues the protein digestion begun 
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in the stomach and carries it well on toward the final products 
of this digestion chiefly to the peptone stage. The other two 
enzymes are an amylase, which changes starches into sugars, 
and a lipase, which causes a splitting of the fats into fatty acid 
and glycerol. The fiver secretes bile, which renders the fats 
more readily attacked by the lipase. Finally, the intestinal 
juice produced by the mucosa of the intestinal walls contains 
enzymes which complete the process of digestion. Of these 
the most important is erepsin which acts on the peptones and 
thus completes the work begun by the pepsin and trypsin of 
liberating the amino-acids from the proteins. 

The secretion of the fiver contains no digestive enzymes. The 
fiver, which occupies such a large part of the body cavity, is 
not pnmarily an organ of digestion. It is concerned chiefly in 
the further elaboration of the fatty substances, in the storage of 
glycogen, in the formation of urea, and finally in the destruction 
of the red blood corpuscles. The importance of the fiver as a 
place of fat storage in cold-blooded forms is particularly empha- 
sized during hibernation and in the early spring mating season 
(Buddenbrock, 1928; Berg, 1924), since fat can be most rapidly 
mobilized from this organ. By determining the ratio of carbon 
dioxide produced to the oxygen utilized during respiration, it is 
possible to analyze the nature of the oxidation processes occurring 
at any one time. If this respiratory quotient— the volume 
of carbon dioxide given off divided by the volume of oxygen 
absorbed-is higher than 0.80, carbohydrate is being oxydized in 
excess of protein and fat, while a quotient less than 0.80 indicates 
that fat oxidation predominates. Dolk and Postma (1927) by 
the use of this method have demonstrated that the hibernating 
rog uses its fat and not its glycogen reserves 

Absorption and Assimilation.-The products of digestion are 
absorbed by the walls of the intestine. The amino-acids are 
gathered up by the mesenteric veins and transported to those por- 
tions of the body where they are needed for building up the 
tissues. Here they are reconverted into the proteins. Those 
amino-acids which are not required for building are broken 
down by the liver. The nitrogenous part is excreted as urea 
while the remainder is formed into carbohydrates which supply 
energy to the orpnism. The amino-acids and sugars are passed 
by the intestinal epithelium into the capillaries, while the prod- 
ucts of fat digestion seem to be usually transmitted to the lymph 
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vessels. The sugars that are not used as an immediate source 
of energy are stored in the form of glycogen or animal starch. 
Proteins cannot be stored as such, but after they are deaminized 
the remainder may be converted into glycogen. Various tissues, 
especially the muscles, store glycogen, but the liver serves as the 
general depot. The latter releases carbohydrates to the blood 
in the form of glucose as it is required. In the fall, before 
hibernation, the liver of some frogs may be more than twice as 
large as in early summer, due chiefly to the increased storage of 
glycogen. The fats, not used at once by the tissues, are stored 
chiefly in the liver and the adipose body, the latter being a modi- 
fication of the genital tract found just anterior to the gonads. 
Some frogs have a conspicuous fat body just anterior to the 
clavicles, and various narrow-mouthed toads have small, fat 
bodies under the skin. In salamanders large accumulations of 
fat are usually to be found in the tail. In Proteus, fatty tissue 
forms a thin sheet under the skin (Maurer, 1911). By means 
of vital dyes, Hadjioloff located a number of small deposits of 
fat about the heart and in the pelvic region of various European 
frogs. Apparently it is an accumulation of fat which gives the 
greenish color to the bones of some of the more translucent 
species of tree frog, for Hadjioloff found considerable fat in the 
bone marrow of the frogs he studied. 

The more indigestible food is retained for a time in the large 
intestine which is enlarged anteriorly. Such an enlargement of 
the intestinal tract first makes its appearance in Amphibia. It 
would seem to serve not only as the last region of food absorption 
in the gut but also as a storage place for the feces. At intervals 
the excreta are passed out through the cloacal orifice to the 
outside. 

The waste products of growth and repair of the tissues are 
released into the blood stream in the form of urea, carbon dioxide, 
water, and various soluble products of protein metabolism. T e 
carbon dioxide is eliminated from the body by the organs o 
respiration. The other waste products are collected from t e 
blood by the kidneys. The liver also serves as an organ of 
elimination of nitrogenous waste products. These are passed 
with the bile into the intestine and are excreted with the feces. 

Modifications of Digestive Tract.— The absorbing surface of 
the digestive tract is increased in Amphibia not by the formation 
of pyloric caeca or spiral valves, as in fish, but merely by an increase 
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m length. Great length without great bulk is secured by the 

narrowing of the tube and its twisting into a compact spiral. 

Most frog tadpoles feed largely on water plants and like other 

vegetarians require a maximum amount of absorbing surface. 

The winding of the intestine is not in one plane but extends 

ventrally as the spiral becomes narrower. There are usually two 

and a half to three loops, but as each loop is double, the winding 

seems more extensive. A few tadpoles living in the confined 

space between the leaves of bromeliads or banana plants feed to 

a considerable extent on frog eggs. Their intestines do not have 

the characteristic watch-spring form of mo.st tadpoles but are 

short and resemble the intestines of the adult frog in lacking a 

spiral. The more carnivorous tadpoles, such as those of Cera- 

lophrys dorsata, have a shorter digestive tract than herbivorous 
forms. 

It is probable that many of these differences in length and form 
of the intestines of tadpoles is due to the character of the food 
during each ontogeny (Fig. 79). In view of the experiments of 




B 


Fiq. 79. — Effect of f( 
reared on a plant diet. 
Babak.) 


on the intestine of tadtmles. A. Intestine of a 
Intestine of another reared on an animal diet. 


tadpole 

{After 


Yung (1904, 1905), the mechanical effect of bulky food would 
seem to be greater than the chemical effect of plant tissues on 

tadpole. The experiments of Babdk 
(1905, 1911) suggest that the chemical factor may also play a 
part in controlling the length of the digestive tract. 

The environment affects the digestive processes of Amphibia 
directly. MiiUer (1922) has shown that the digestive actL of 
the frog pepsin increases with rising temperature reaching an 
optimum at 40 C., a temperature at which few frogs will survive. 

thus the optimum conditions for digestion are not the best 
temperatures for the health of the frogs. 

Amphibia are able to withstand long fasts. Tadpoles may live 

ZihT! t u to be due to their 

abihty to feed on bacteria or other small particles in the water 
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(Bock, 1925; Krizenecky and Petrov, 1926). Nevertheless, 
some urodeles such as Proteus, which are not known to have this 
ability, have been kept for over a year without food. Axolotls 
have been reported to live 650 days without food (St. Hiller, 
1929). During this time they lost 81 per cent of their initial 
weight. Although Amphibia with their low metabolic rate 
might be expected to withstand longer fasts than warm-blooded 
animals, their ability to live for months on their own tissues is 
remarkable for active vertebrates. 
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CHAPTER X 


THE SKELETON 

In a preceding chapter we have traced the emergence of the 
first tetrapods from their fish ancestors and have seen that after 
vertebrate life became established on land it reverted not once 
but many times to the aquatic habitat and that this occurred 
frequently long before the first modern Amphibia appeared. 
The skeleton of the early Amphibia shows reductions and other 
specializations for which there cannot always be found a close 
environmental correlation. In other words, the skeleton might 
be considered as something quite independent of the environment 
changing progressively because of inherent capacities or restric- 
tions. Certain trends of evolution became established and were 
apparently automatically carried through to an extreme special- 
ization. The same phenomenon is seen to a lesser extent among 
modern Amphibia, for the families of Salientia may have arboreal, 
aquatic, or fossorial members with the family characters well 
defined. It is, therefore, important to isolate as far as possible 
the slow, progressive changes from the more rapid and adaptive 
ones. This may be accomplished best by describing the pro- 
gressive changes in the skeletal elements or, in other words, by 
reviewing briefly the history of the various parts of the skeleton. 

Skull. — The skull of the first tetrapods resembled closely that 
of their fish ancestors and differed from that of modem Amphibia 
in the greater number of skull elements, in the greater extent of 
ossification of the chondocranium or cartilaginous brain case, and 
in its shape, the early tetrapod skull being high as in most fishes 
and in all Sauropsida instead of flattened as in modern Amphibia. 
A thick interorbital septum was present, and the brain lay above 
the septum. 

The skull of the Embolomeri agreed closely with that of the 
osteolepid fishes. The number and arrangement of the elements 
forming the skull roof were very similar. In both fish and 
Amphibia the lateral-line canals were present and crossed the 
same bones; namely, the lacrimal, prefrontal, jugal, postorbital, 
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postfrontal, supra, and intertemporals. The spiracle had, 

apparently, become replaced by a tympanum, for the spiracular 

notch of Osteolepis had the same relation to the skull bones as 

the otic notch of the Embolomeri (Watson, 1926). The palate 

of fish and Amphibia agreed in most detaUs. The interpterygoid 

vacuities were small, and large labyrinthodont teeth were present 

in both fish and tetrapods. Since internal nares were present 

in the osteolepids, the latter apparently breathed in the manner 

of Amphibia. The lower jaw of the Embolomeri was identical 

with that of the Osteolepidae and differed strikingly from that 

of modern Amphibia in the large number of bones of which it was 

composed. It was sheathed outwardly by the dentary and 

surangular, mesially by three coronoids and a preart icular, 

ventrally by two splenials and the angular. (Inly dentary and 

one other element are invariably present in modern forms, 

as will be seen below. The dentary and coronoids carried large 

teeth which were replaced alternately like tho.se in the upper jaw. 

A shapeening of small teeth was present on the coronoids and 
prearticulars of some forms. 


The chief difference between the skulls of osteolepids and of 

Embolomeri was to be found in the brain case. The basioccipital 

• . of both were single, and the basisphenoids had basiptery- 

goid processes with which the epipterygoids articulated. Poste- 

rior to this basisphenoid, as shown in Fig. 2, a large part of the 

floor of the brain case, or basis cranii, of the osteolepids remained 

unossified. Although the osteolepids may not have been the 

immediate ancestors of the tetrapods, the resemblance in skull 

roof, jaws, and palates are so close that we may consider them as 

having the ancestral type of fish skull from which the amphibian 
skull was derived. 


Progressive Modification of the Skull.- With the origin of the 
Embolomeri the highly complex skull inherited from the fishes 
began to undergo a progressive fenestration. The bones appar- 
ently tended to segregate along lines of greatest stress. A second 
change was the apparent shortening of the skull, for while the 
Embolomeri retamed 12 cranial nerves, the more advanced 
labyrinthodonts show a gradual shifting posteriorly of the hypo- 
glossal fenestra until in the stereospondyls the hypoglossal nerves 

Amphibia. 

Most reptiles and all mammals have retained the primitive num- 
of 12 cranial nerves within the skull. It is clear, therefore 
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that the heads of modern Amphibia differ from those of the first 
tetrapods and of the higher modern forms in that they contain 
three fewer somites. This loss has been largely in the occipital 
or ‘Vertebral” part of the skull. Just as any of the posterior 
vertebrae of a frog are apparently able to produce sacral dia- 
pophyses when properly stimulated by the presence of the ilium, 
so any one of these three or four skull vertebrae is apparently 
able to produce exoccipitals or basioccipitals if the head size 
demands it. The homology of the occipital elements lies not 
so much in their somites of origin as in their mutual relationship 
and their phylogenetic origin. 

Another fundamental change in the evolution of the skull 
within the labyrinthodonts was its gradual flattening, the tra- 
beculae of the higher types being no longer squeezed together. 
As a result, the forebrain was dropped lower and lower in the brain 
case until finally it came to rest on the dorsal surface of the 
parasphenoid. This progressive flattening reached its extreme in 
certain stereospondyls and in the aquatic Salientia and Caudata, 
although all along the line aquatic forms were frequently more 
flattened than terrestrial ones. 

In the evolution of the Labyrinthodontia, and to a certain 
extent of the other orders of Amphibia, there was a progressive 
weakening of ossification. Basioccipital, basisphenoid, and 
supraoccipital became reduced in the Labyrinthodontia and have 
disappeared entirely in the modem Amphibia. Stadtmuller 
(1929) has described a separate ossification in the brain case of 
TtUutus alpestris, however, which he interprets as a basioccipital. 

In this way, the original single condyle of the fishes was progres- 
sively modified into a tripartite and later into a bipartite condylar 
surface. Withdrawal of the basioccipital in the reptile series leads 
to exactly the same result, in the promammals to the production 
of a pair of widely separated condyles like those of modern 
Amphibia. This is a striking example of convergence, that is, of 
similar changes in unrelated forms. 

Accompanying these major changes, there were a number of 
minor ones, some destined to produce characteristic structures 
in the modern forms. The pineal foramen which occurred 
between the frontals of the osteolepids shifted back to between 
the parietalsin the first tetrapods and finally disappeared entirely. 

In the reptiles it was retained even to recent times in some forms. 
The loss of elements in the skull roof was closely correlated with 
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an increase in the size of the eye, and the reduction of the ele- 
ments in the temporal region gave greater freedom to the tem- 
poral muscles. Thus, the solid domelike skull roof of the 
Embolomeri was restricted enormously during evolution until 
in the frogs only the premaxillary, maxillary, septomaxillary, 
nasal, quadratojugal, squamosal, frontal, and parietal bones are 
left. The urodeles are more primitive than the frogs in retaining 
in some species both lacrimals and prefrontals in addition to these 
other elements. Further, the frontals and parietals of each side 
are free from one another, not fused as in frogs. In some frogs, 
such as Xenopus, the fronto-parietals of each side may be more 
or less fused posteriorly with one another. The quadratojugal 
appears as a separate element in the urodeles only during 
ontogeny. Probably temporal muscles were largely responsible 
for the cleaning off of surface bones from the temporal region 
of the skull of modern Amphibia. In some urodeles the temporal 

muscles extend beyond the skull and attach to the cervical verte- 
brae. 


The cartilage bones of the brain case, as stated above, also 
undergo both degeneration and loss during the phytogeny of the 
Amphibia. The anterior wall of the ear capsule ossifies as a 
prootic in most frogs and some salamanders, while a separate 
center of o.ssification, the opisthotic, appears in the posterior 
wall of this capsule in Ambystoma, Necturus, Siren, and a few 
other urodeles. The ossification from the prootic extends 
posteriorly, while that of the exoccipital spreads into the posterior 
wall of the ear capsule in most Amphibia. In higher urodeles 
and in frogs a separate opisthotic never appears, while in the 
Plethodontidae neither prootic, opisthotic, nor exoccipitals form 
separate ossifications even in the larvae. This is a specialization 
away from the labyrinthodont condition. The exoccipitals and 
prootics frequently fuse in Salientia and in some pipids the 
combined bones of the two sides may fuse to form a single 
element In most Salientia and Caudata the interorbital walls 
of the brain case ossify to form a sphenethmoid on each side 
In some species especially in burrowing types, the ethmoid may 
aLso ossffy and fuse with the sphenethmoid. Slow-moving 
aquatic Amphibia have their brain cases least ossified; burrowing 
types have them usually the most ossified 

rJof'I'n'lT changes in the p.l.te 

region went forward even more rapidly than those on the roof 
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of the skull or in the brain case. Most conspicuous of these 
changes was the increase in size of the interpterygoid vacuities 
and the corresponding reduction in width of the pterygoids. 
The pterygoids within the Labyrinthodontia lost their connection 
with the basipterygoid processes and in the advanced types were 
supported by the parasphenoid. The dorsal processes of the 
pterygoids in modern Amphibia fuse with the ear capsule, while 
the ventral processes may either fuse with the base of the ear 
capsule or articulate with it by a joint, the old basipterygoid 
joint. Primitively the pterygoid cartilage extended far forward, 
fusing with the nasal capsule, and this condition still maintains 
in frogs and in some primitive salamanders. In the Plethodon- 
tidae the bony pterygoid which forms around the cartilaginous 
element may either be missing entirely or represented by a small 
nodule of bone. In Xenopus the posterior mesial borders of the 
pterygoids grow caudally over the Eustachian tubes which extend 
across the roof of the throat to open by a single orifice into the 
pharynx. They thus form a bony protection to the tubes. 
The ectopterygoid, a very primitive element which is lost early 
in the history of the phyllospondyls, is still retained in some 
caecilians such as Hypogeophis. As this element never appears 
even as a rudiment in frogs and salamanders, it may be con- 
sidered further evidence that the groups are not closely related. 

The palates of modern Amphibia are remarkable in the varia- 
bility of the bones which occur there. The palatine, for example, 
may or may not be present within a single genus of frogs. The 
urodeles are peculiar in that the prevomers and palatines fuse (at 
least in part during metamorphosis), and the combined struc- 
ture grows rapidly in a caudal direction in various families. 

In the salamandrids (Fig. 80) two dentigerous processes of the 
combined prevomers and palatine are carried back along side 
of the parasphenoid, while in the plethodontids (Fig. 81), which 
have been derived from the salamandrids, these two processes 
overlie the parasphenoid and form a patch of tooth-bearing bone. 
The prevomers may entirely disappear in some frogs, while in 
others, such as Bombina, they fuse to form a single element. In 
Xenopus this fusion is correlated with the reduction of the inter- 
maxillary gland. The latter structure is useless in Amphibia 
feeding under water, since their tongues have no need of its sticky 
secretion. The palates of most frogs appear strikingly different 
from those of urodeles. This is chiefly due to the long maxi ae 
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and short prevomers of frogs. Primitive salamandrids with 
long maxillae, such as Tylototriton, have palates which are 
essentially hke those of frogs (Fig. 80). On the other hand, 
Ascaphus, some species of Scaphiopus, and various other Sahentia 
may lack the quadratojugal and hence have a skull outline 
resembling that of the salamandrid, Pachytriton, closely. 



Fio. 81. — Palates of a frog and a salamander with reduced maxillae. ^ In most 
salamanders the maxillae fail to reach the quadrate and a quadratojugal is 
missing. In some frogs, such as Ascaphus truei (A), the same condition 
maintains. Salamanders also specialize in the backward growth of the vomerine 
bones. In the plethodontids. the posterior processes of these may become 
separated as the two dentigerous patches shown in Plethodon gluiinosus iB). 
C.Pt., cartilaginous pterygoid; Afx., maxilla; P.Mx., premaxilla; Ps., para- 
sphenoid; Pt., pterygoid; P.T., palatine tooth patches; P.Vo., prevomer; Qu., 
quadrate; Vert. I., first vertebra. 


With the flattening of the skull and the widening of the inter- 
pterygoid vacuities, the pterygoid underwent considerable change 
in form, A row of bones which formed a dorsal cover to the 
palatoquadrate bar of osteolepids and probably represented the 
metapterygoid and mesopterygoid of teleosts was reduced in 
the first tetrapods to a single bone. This bone articulated with 
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the basipterygoid process and extended dorsally separating the 
various branches of the fifth cranial nerve. It was handed on in 
nearly this form to the reptiles where as the epipterygoid or 
columella cranii, it is a characteristic element of the lacertilian 
skull. In the cynodont ancestors of the mammals the epiptery- 
goid became greatly broadened and finally incorporated into the 
skull of mammals as the alisphenoid (Gregory and Noble, 1924). 
The epipterygoid was not destined to such an important future in 
the amphibian series. In the labyrinthodonts it grew larger and 
developed a process which gained attachment at the prootic. 
It very soon failed to separate from the pterygoid as a distinct 
bone and was handed down to modern forms as an ascending 



Fig. 82.' — Chondrocranium of Icklhyophis glutinosuH from a model. Cart.M.. 
Meckel a cartiiuKe; hp., epipteryuoid ; Pal., palatine cartilage; St., stapes; Qu., 
<}ua<lrate. {After 

process on the palatoquadrate bar of the larvae (Fig. 82). It 

is reduced or disappears on metamorphosis in both Caudata and 

Salientia, and is obscured by secondary bony growths in the 
adult caecilians. 

Changes in the Jaws.— In the development of the skull of 
urodeles many of the dermal bones of the mouth seem to arise 
in part by the fusion of the bases of the teeth. This has been 
interpreted as a harking back to the condition of the first bony 
fish m which the dermal bones were believed to have arisen by 
the fusion of the bases of placoid scales. There is no proof of 
this interpretation in the immediate fossil ancestors of the 
Amphibia. In the Salientia the bones arise much earlier than 
the teeth. It would seem that the immediate cause for the devel- 
opment of dermal bones from tooth bases in the Caudata was the 

early need for teeth and tooth supports in the young carnivorous 
larvae. 

Perhaps the greatest reduction in the phylogeny of the amphib- 
ian skull occurred in their jaws. The Embolomeri inherited a 
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complex mandible of ten pieces. This number is reduced in 
labyrinthodonts and branchiosaurs until the extreme condition 
of only a dentary and a prearticular are left in the Salientia. In 
the most primitive urodeles, the Cryptobranchoidea, there is 
not only a dentary, prearticular, and articular, but also an 
angular. Single coronoids occur in the larvae of most urodeles 
(Fig. 83) and these may be cited as another example of a primi- 
tive character in these forms. The caecilians, which are primi- 



B 

Fia. 83. — The jaw of a labyrinthodont and a urodele compared from the 
lingual aspect. The jaw of the labyrinthodont contains many more bones than 
the jaw of the urodele. A. Eogyrinus atikeyi {after Watson, Phil. Trans. Roy. 
Soc. London. 1926). B. Nedurus maculosus. Ang., angular; Cart.Af., Meckel s 
cartilage; Cor. I., coronoid I.;'Cor.//., coronoid II; Cor. III., coronoid III; Den., 
dentary; P.Art., prearticular; Po.Sp., postsplenial; Sp., splenial. 

tive in most features of their skulls, exhibit an early fusion of the 
jaw elements. Possibly coronoids are present as well as dentary, 
articular, and prearticular, for many genera retain two rows of 
teeth in the lower jaw even in the adult. The anterior end of 
Meckel’s cartilage ossifies as a pair of distinct elements in many 
Salientia even in such primitive genera as Ascaphus and Alytes. 
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Often these symphysial bones are fused to the dentary in 
Salientia, and they are hardly recognizable or absent in the 
Pipidae, Their loss in certain species of this family is correlated 
with a fusion of the premaxillary bones and a modification of the 
respiratory mechanism characteristic of most Salientia. The sym- 
physial bones seem to have developed in connection with the 
special function of the premaxillae in closing the nostrils. But 
it is also possible that they owe their existence as separate 
elements to their occurrence in the larva, where they form the 
definitive lower jaw. It may be noted, however, that a mental 
bone occurred in certain osteolepids (Watson, 1926). 

Auditory Apparatus. — Another part of the skull which was 
closely correlated with function is the auditory apparatus and 
here we cannot expect to find the progressive evolution seen in 
some other parts of the skull. The primitive labyrinthodont as 
represented by Eogyrinus did not transmit the sound waves 
to a fenestra in the ear capsule. It had a stapes, the fish hyo- 
mandibular, but this abutted against the otic capsule. This 
crude mechanism was improved early in the history of the 
Labyrinthodontia. A fenestra ovalis for the proximal end of the 
stapes was formed in the capsule. The stapes in some laby- 
rinthodonts, as Eryops, seems to consist of two parts, the inner, 
the hyomandibular; the outer, the symplectic of fishes. Some 
Rachitomi, Dissorhophus, and C:acops, specialized in surrounding 
the tympanum by a bony downward growth of the tabular. 
The modern Amphibia exhibit a considerable range of variation 
in their auditory apparatus. In many Salientia the tympanum 
is hidden under the skin and in a few it may disappear altogether. 
The stapes also may become greatly reduced, and in some forms, 
such as Ascaphus, it may be lost. In the urodeles the auditory 
apparatus is considerably modified from the primitive condition 
seen in some frogs and fossil Amphibia. The tympanum and 
middle ear are lost in all urodeles and the stapes becomes con- 
nected with the squamosal in the larvae. Here, as a result, 
the sound waves are transmitted to the quadrate from the 
lower jaw when that rests on the bottom of the pond, thence are 
carried to the stapes, and finally to the inner ear. 

As discussed in another chapter, this apparatus is further 
modified in the adult. A piece of the otic capsule, the oper- 
culum, may form a footplate for the stapes in some species, 
but this is apparently not the primitive condition. In primitive 
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frogs (van Seters, 1922) and in caecilians (Peter, 1898) the 
operculum arises free of the capsule in the membrane closing the 
fenestra ovalis. An opercular muscle stretches from the supra- 
scapula to the plate and is said to transmit vibrations from the 
forelimb to the inner ear of the metamorphosed animal. The 
muscle, which may be homologous with the stapedial muscle 
of Amniota, strongly suggests that the operculum originally 
belonged to a movable visceral arch (Goodrich, 1930). In 
which case the capsular origin of the operculum is a secondary 
modification. In modern urodeles fusions between operculum 
and stapes and between operculum and otic capsule is a matter 
of systematic importance (Reed, 1920; Dunn, 1922). 

Although the operculum may undergo various modifications 
during phylogeny, other features of the urodele auditory appara- 
tus may be more conservative. The columella and ceratohyal 
of the urodeles chondrify out of a single blastema (Kingsbury and 
Reed, 1908). Very early the columella forms an attachment to 
the squamosal and not to the quadrate as in caecilians. This 
is very suggestive of the conditions in labyrinthodonts from which 
the branchiosaur ancestors of urodeles and frogs were evolved. 
As shown by Sushkin (1927), the columella extends not downward 
to the laterally placed quadrate but upward to make an articula- 
tion by its suprastapedial process with the parotic crest. This 
columella was apparently equipped with a cartilaginous outer 
section which was in contact with a tympanum. Its inner 
portion was perforated by a stapedial artery as in caecilians. 
Frogs approach the first tetrapods in their otic equipment more 
closely than the other modern Amphibia do. A special feature 
is the tympanic annulus, a ring of cartilage surrounding the 
tympanum. This develops from the quadrate and does not 
seem to have a homologue in the otic apparatus of fossil forms. 
Modifications of the otic apparatus occur chiefly in aquatic or 
burrowing forms. In the aquatic Pipidae the tympanum lies 
under the skin and the Eustachian tubes open by a common 
orifice in the roof of the pharynx as in crocodiles. 

Visceral Skeleton. — The visceral skeleton of modern forms 
seems to be very erratically modified. A closer study, however, 
reveals certain trends of evolution which may be noted here. If 
we compare the loosely hung jaws of the modem fish with the 
firmly attached ones of the Amphibia, it would seem that an 
enormous change must have taken place in these structures in 
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the transformation of fish into tetrapods. A comparison of the 
jaws of the embolomerous amphibian with those of the osteoicpid 
fish show's, however, that the change was actually a slight one. 
In both fish and tetrapod the upper jaw was firmly attached to 
the anterior part of the neural cranium. Laterally it was securely 
held by the maxilla, while mesially the basipterygoid process 
formed a strong support. In both groups the posterior jaw 
elements were freed for other functions; namely, the transmission 


of sound w’aves to the otic capsule. A very similar but purely 
convergent transformation occurred again in the origin of mam- 
mals from cynodont n^ptiles. In these forms the dentary found 
a new point of articulation for the lower jaw and left the posterior 
jaw elements free to be changed into the otic ossicles or sound 
transmission device of the Mammalia. 

The visceral arches of the osteolepid fish consist of the mandib- 
ular, hyoid, and five branchial arches. The jaws of osteolepid 
and primitive labyrinthodont were almost identical but the 
hyoid arch differed slightly. Here the hyomandibular had 
already been changed into a stapes and had not only shifted its 
position relative to the otic capsule but also, according to Watson 
(1926), had split its proximal end into two parts, the upper of 
which retained the original position of the hyomandibular, while 
the lower moved down to the position of the future fenestra 
ovalis. Such a l)ifid head of the stapes is seen in modern reptiles. 
Thus, m the stapes, as in many features of the skull, we must 
look to the reptiles for more primitive conditions than exist in 
modern Amphibia. The Salientia in retaining a tympanic 
mendtrane and long columella are far less specialized than the 
urodeles, but neither are so primitive in this respect as the 
reptiles The columella of Kana, at least, develops independ- 
en y o t le lyoid. The Eustachian tube also has a specialized 
mode of development. Hence, again we must rely on our 
palaeontological rather than on our embryological record for an 
understanding of the origin of these structures. 

Since the gill arches in the adult urodele or frog are modified by 
reduction and fusion, the larval branchial arches have been 
considered more primitive. Gill arches of larval Branchiosauria 
and Rachitomi approach those of larval urodeles in form. It is 
highly probable that all groups of Amphibia, at least above the 
Kachitomi, primitively passed through a larval life in the water. 
At least one rachitomous form, Dwina.saurus, already in Permian 
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Fio. 84. — A compariflon of three stages in the ontogeny of the hyobranchial 
skeleton of Hynobius (A, C, and E) with the same structure in the adults of three 
other urodeles. The hyobranchial skeleton of Siren {B) is essentially that o an 
early larva, while the skeleton of Megalobatrachus (/>) represents a Partly 
metamorphosed condition. The hyobranchial of the adult Triturus ^ 

fully metamorphosed, is more specialized than that of the adult Hyimbius. 
Bx-t, branchial arches I and II; Ci-j. copular series; ceratobranclu^ i 

to III; Ch, ceratohyal; C.PL, copular plate; Ehx-A, epibranchi^a I 
epihyal; H, hyoid; T., os thyreoideum. (A, C, and E after Tausakx, B aj 

Fukuda; not drawn to the same scale.) 
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times had become neotenous. The presence of gill arches in 
this form is not an indication of its lowly phylogenetic position 
but merely a proof that almost at the base of the Amphibian 
stem some forms began to fail to complete their development. 
Gilled adults have not secondarily returned to the water” 
but have failed to leave their habitat of infancy for the reason 
that their adult structures have failed to develop (Fig. 84). The 
gill arches of Dwinasaurus were of the same number and had the 
same arrangement as those of larval ambystomids. 

The condition of the branchial arches in the metamorphosed 
labyrinthodont is unknown, and it is idle to speculate as to the 
steps by which the gill arches of the osteolepids were changed into 
those of the first metamorphosed tetrapods. Can we in this 
case resort to the embryological record as a possible guide? All 
larval urodeles and Salientia have from three to four branchial 
arches, while the metamorphosed adults have no more than two. 
This is correlated with the change in function, more arches being 
necessary to support the clefts than to give attachment to tongue 
muscles. At metamorphosis the posterior arches are not merely 
lost and the anterior ones shifted to the final position. As Smith 
(1920) has shown, the process involves degeneration of other 
parts of the visceral skeleton and the formation of much new 
tissue. Whether the first tetrapods on metamorphosis underwent 
such a revolutionary change in their branchial arches is unknown, 
but it is highly probable that in this case as with all other meta- 
morphic processes, the change was originally a very gradual one. 

The hyobranchial skeleton of the adult Amphibia exhibits 
considerable variety of form. In the hynobiid salamanders and 
in most frogs the hyoid arches are long and continuous with the 
basihyal or copula. In most urodeles the lateral portions of 
the hyoid arches (epihyals) are free from the basihyal, which may 
be carried far beyond the mouth when the tongue is protruded. 
In these forms the basihyal, or copula, may bear one or two 
pairs of cornua. Some urodeles, especially Ambystomidae, 
possess an arcuate bar in the floor of the pharynx connecting one 
pair of cornua. In many urodeles the posterior part of the 
copular piece of the larval hyobranchial separates on metamor- 
phosis from the remainder of the apparatus and ossifies as a 
distinct os ihyreoideum lying cephalad to the pericardium. 

Neither of these modifications is found in the hyobranchials of 
other Amphibia. 
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The perennibranchs possess a hyobranchial apparatus which 
is essentially larval, although a partial metamorphosis occurs in 
this structure in Megalobatrachus. Amphiuma and Necturus 
exhibit various reductions which do not appear to be metamor- 
phic (Noble, 1929). The hyobranchial apparatus of the adult 
caecihans consists of a single hyoid and first branchial arch 
fused and followed by two or three separate branchial arches. 
This retention of the branchial arches in adult life may be 
considered a neotenous feature in caecilians but it may also be 
correlated with the poor development of the tongue musculature 
in this group. In the adult Salientia the hyobranchial apparatus 
consists of a cartilaginous plate bearing three or four pairs of 
processes. The most anterior pair, the hyoids, are long and 
slender. They extend posteriorly and make attachment to the 
skull, a secondary modification. The most posterior, the thyroid 
processes, are usually well ossified and support the larynx. 
Although some of this apparatus is derived from the larval 
hyobranchial, part of it arises de novo. In the Pipidae the 
reduction of the tongue and elaboration of the lungs and bronchus 
have led to the development of a boxlike hyobranchial apparatus 
with a loss of the hyoid (Ridewood, 1898), in at least one genus 
(Pipa). Other changes in the structure of the hyobranchial 
apparatus of adult Amphibia may have a phylogenetic rather 
than a functional significance. For example, the Hynobiidae 
retain two epibranchials after metamorphosis, while other sala- 
manders have only one (or the barest rudiment of the second). 

Laryngeal Skeleton. — The modern Amphibia have the laryn- 
geal cartilages more or less specialized. In forms provided with a 
voice the laryngeal cartilages would in all probability be well 
developed. The presence of a tympanum in the first tetrapods 
suggests that they may have used their voice to attract the 
females as do modern frogs. A larval larynx is not necessarily 
a primitive one. How closely the larynx of the first tetrai^ds 
approached that of the most primitive frogs is unknown. The 
form of the larynx in modern Amphibia is sometimes of systematic 
importance as, for example, in the Pelobatidae (Beddard, 1907). 

Vertebrae.— In the classification of the Labyrinthodontia, the 
form and composition of the vertebrae as stated in Chap. I are 
of primary importance. The vertebrae also present diagnostic 
characters for the classification of various other major groups of 
Amphibia, and hence their evolution may be considered in some 
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detail. The vertebrae of some modern fish, such as Amia, are 
embolomerous in part, in that a single neural arch is associated 
with two centra in each segment. The same was true of some 
of the vertebrae of the crossopterygian fish, Eusthenopteron, 
which stood near the main line of tetrapod evolution. The 
development of the vertebrae in Amia shows that each is formed 
by the ossification and growth of four pairs of arch cartilages as 
well as by an ossification in the perichordal sheath. The carti- 
lages are formed from mesenchyme which condenses in the 
region of greatest strain, namely the point where the myosepta, 
which are under muscular pull, join the relatively stiff notochord 


at its upper and lower surfaces. Thus on each side of the body 

four blocks of cartilage develop, pressed against each myoseptum 

at its junction with the notochord, the two anterior blocks of 

each side belonging to one myotome and the two posterior, to 

another. The four pairs of blocks together with what ossification 

may occur in the sheath around the notochord form the basis 

of a single vertebra which lies with its midpoint between two 

myotomes. The cartilaginous blocks, or arcualia, have been 

given names by Gadow. The pair lying in the posterior part 

of one myotome and above the notochord are the “ basidorsals.” 

The pair immediately below them are the “basiventrals.” The 

arcuaha formed in the anterior part of a myotome and above the 

notochord are the “interdorsals, ” those below them the “interven- 

trals/' Each vertebra is formed by the union of the basidorsals 

and basiventrals of one segment with the interdorsals and inter- 
ventrals of a posterior one. 

In the Embolomeri at the very base of the amphibian phylum 
each neural arch was provided with two centra. The anterior 
centrum apparently represents the basiventral which has grown 
dorsally and, possibly uniting with an ossification in the perichor- 
dal sheath, formed an amphicoelous disc. The posterior centrum 
apparently represents the interdorsal and intervent ral fused or 

united by an ossification of the perichordal sheath to form a 
Similar disc. 

In the evolution of the Labyrinthodontia a gradual weakening 
n the ossification of the skeleton occurred. The Rachitomi 
being a step m advance over the Embolomeri, have failed to 
ossify the perichordal sheath of the vertebrae completely, with 

cartilaginous 

blocks remain more or less separate on ossification. Each basi- 
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ventral side may fuse with its mate of the opposite to form a 
moon-shaped element which, unfortunately for the sake of 





Fio. 85. — Three types of vertebrae characteristic of extinct 
viewed from the left side. These types also represent stages m P lahvrin- 
reduction of ossification in phylogeny: A. Cricotus, ^ith 

thodont. B. Eryops, a rachitomous labyrinthodont. C. _„.’arch- 

epichordal vertebrae. {After Whitiard.) I.C., intercentrum, 

Not., notochord; P.C.. pleurocentrum; R., rib. 


clarity, is called an “intercentrum.” The interventrals, which 
ossify free of the other elements, are called “ pleurocentra. 
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while the interdorsals, which are of rare occurrence, are described 
as “dorsal pleurocentra.“ In the sturgeon, Acipenser, where the 
ossification of the skeleton is poorly developed, these four pairs 
of blocks remain cartilaginous and illustrate in a diagrammatic 
way the cartilaginous basis of the vertebrae of all back-boned 
animals. The vertebrae of the Rachitomi represent an ossifica- 
tion of these blocks. In most cases, there is, in addition, a fusion 
of the basiventrals and a loss of the interdorsals. 

In the Stereospondyli the pleurocentra, that is, the interdorsal 
and interventral, are reduced or lost. It is possible that they 
remain cartilaginous. The single centrum of these labyrintho- 
donts probably includes a perichordal ossification as well as the 
basidorsal and basiventral, but this is only an inference based on 
the development of recent forms. Reptiles, which sprang from 
embolomerous Amphibia, have emphasized the interdorsal and 
interventral elements at the expense of the basidorsal and basi- 
ventral, an arrangement exactly opposite to that of the Amphibia. 

In the lepospondyls and phyllospondyls it is impossible to 
determine how much was formed by arcualia and how much by 
perichordal sheath. It seems probable, however, that the inter- 
dorsal and interventral were reduced to cartilaginous rings 
between the centra, the latter being formed from perichordal 
sheath together with some contribution from the basidorsal and 
basiventral. This reduction of the interdorsal and interventral 
brings the rib to an intervertebral position, and this may be 
considered the primitive position for the rib in the lepospondyls. 
In all phyllospondyls the rib has shifted to the side of the vertebra 
and is attached to a well-marked transverse process. The verte- 
brae of frogs and salamanders agree in the extensive development 
of the perichordal ossification, the basidorsal and the basiventral 
being intimately associated with it in their ossification. Primi- 
tive frogs, the Liopelmidae, agree with primitive urodeles in that 
the interdorsal and interventral remain cartilaginous throughout 
life, the vertebrae are thus amphicoelous, as in lepospondyls and 
some phyllospondyls. In Ascaphus these cartilaginous rings 
serve to hold the vertebrae together and no joint surfaces are 
formed. In higher frogs and urodeles this cartilaginous ring or 
ball splits in such a way that most of the cartilage is either on 
the anterior or the posterior end of a vertebra. When the 
cartilage ossifies an opisthocoelous or a procoelous vertebra 
results, according to whether the ball is on the anterior or the 
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posterior end of the centrum. In a few pelobatid and bufonid 
toads the bail ossifies but remains more or less free from the 
centra on either side of it. This ossification of the interdorsal 
and interventral cartilages is an advance in vertebral evolution 
not found in either lepospondyls or, at least in its typical form, in 
phyllospondyls. Except for this feature the vertebrae of modem 
Amphibia agree closely with those of these extinct orders. 

The development of a vertebra does not always give a clear 
picture of its phylogenetic origin. Thus, in Rana the basidorsals 
appear but soon fuse to form two longitudinal strips along the 
upper surface of the notochord. A similar cartilaginous strip 
which develops along the ventral side of the notochord produces 
regular swellings. These have been homologized with fused 
basiventrals and interventrals. Ingrowths of the dorsal cartilagi- 
nous strips begin to constrict the notochord and the ossification 
beginning in them spreads round the notochord in the perichordal 
sheath. Cartilage, apparently representing the interdorsals, 
early appears intervertebrally and when it ossifies forms a ball 
which may remain attached to the centrum either before or 
after it. Most vertebrae in Rana are procoelous, that is, the 
ossified intervertebral cartilage remains attached to the centrum 
anterior to it. In the coccygeal region the three longitudinal 
strips of cartilage never split into distinct vertebrae but ossify 
to form a rodlike bone, the coccyx or urostyle. 

In the primitive Discoglossidae, Pipidae and Pelobatidae, the 
perichordal sheath may not ossify, and when the notochord is 
reduced on metamorphosis, vertebrae are produced with greatly 
flattened centra. It seems probable that branchiosaurs had the 
same type of vertebrae (Fig. 85, C). The Gymnophiona, which 
have been found to be so primitive in various features of their 
skull and vertebrae, might be expected to afford a primitive type 
of vertebral development, Marcus and Blume (1926) have 
followed the development of the vertebrae of Hypogeophis. 
Gadow's four pairs of arcualia appear, but the basidorsal and 
interdorsal fuse to form the neural arch, the intervertebral 
cartilage which is poorly developed arising from the ventral 
arcualia. Even in this primitive group, cartilaginous strips 
appear before the arcualia and take part in their formation. 
Marcus and Blume have showed that similar parachordal carti- 
lages appear in other vertebrates, although their homology with 
the early cartilage strips in frog vertebrae is not clear. An 
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important feature in the ontogeny of Hypogeophis is the retention 
of the early embrjmnic metamerism in the ventral arcualia. 
While the basidorsal of one segment unites with the interdorsal 
of the succeeding to form the neural arch, the basiventral and 
interventral of the first segment form the ventral arch of the 
resulting vertebra. Possibly the Lepospondyli, with ribs inter- 
vertebrally situated, have vertebrae which developed the same 
way. Since this can never be determined in these fossil forms, 
it is impossible to say how closely the lepospondyls agree with 
the Gymnophiona in the composition of their vertebrae. 

The number of vertebrae ranges from over 200 in some caecil- 
ians to only 0 segments in the Roraima toad, Oreophrynella, and 
in the African Hymenochirus of a very different family. In 
the latter, more than in the former, the composite nature of 
the sacrum is indicated by its great length. Hymenochirus is 
thoroughly aquatic, while Oreophrynella is terrestrial, and hence 
this reduction in the number of vertebrae is not correlated with a 
special type of habitat. The number of vertebrae may be 
reduced by a fusion of the first and second vertebrae as in some 


species of Xenopus and of Atelopus. Salient ia have fewer 
vertebrae than Caudata. The most primitive family of frogs, 
the Liopc'Imidae, have one more prcsacral vertebra than any other 
Salientia. ihe pelvis may attach to any one of a great number 
of vertebrae. Thus, in Amphiuma there are 63 vertebrae exclu- 
sive of the caudals, while in the more primitive, shorter-bodied 
urodeles this number of dorsal vertebrae is usually less than 20. 
Ihe increase in number of vertebrae may continue during life. 
In a small but fully formed Batrachoseps attenuatus 2.3 cm. from 
snout to vent, I find there are 22 dorsal vertebrae and 28 caudals, 
a number which approximates that found in some species of 
lethodon. In an adult 4.75 cm. head and body length, there 
are 22 dorsals and 61 caudals. Hence, the number of tail verte- 
brae more than doubles during the active terrestrial life of this 
species. Ihe fiogs and toads are characterized by the reverse 
pienomenon, namely, the reduction of the tail during ontogeny, 
ornlattd with this reduction, the caudal cartilages fuse to 
orm a bony rod, the coccyx. In the Discoglossidae the diapophy- 
ses of the first of these coccygeal vertebrae are formed as small 
ut iscrete elements. 1 he number of potential vertebrae taking 
part in the formation of the coccyx is difficult to estimate, for a 
separation is indicated during ontogeny in only two or three of 
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the more anterior ones. The caudal vertebrae of urodeles are 
much more primitive. They are provided ventrally with a series 
of processes, the haemal arches. As shown by Gamble (1922), 
these arise like the parapophyses as a pair of processes from the 
basiventrals. In the trunk region the parapophyses enlarge, 
while in the tail region the haemapophyses dominate, the para- 
pophyses disappearing. 

The first vertebra of the column is modified for articulation 
with the skull. It is cup-shaped without transverse processes 
but with two facets for the occipital condyles. There is no 
atlas-axis complex as in higher vertebrates for the rotation of the 
head. In many Caudata there is an anteriorly directed process 
on the first vertebra, however, which bears a pair of additional 
facets. This process may represent a part of a vertebra, the 
neural arch of which has been lost. 

Ribs. — The ribs in primitive Amphibia were long and tended 
to surround the body like a series of hoops. They articulated 
with the vertebrae as far as the middle of the tail. The ribs are 
genetically closely related to the various processes of the verte- 
brae; namely, diapophyses, parapophyses, haemapophyses, and 
rib bearers. Unlike these processes they usually arise in the 
septa at a distance from the notochord and later gain an 
articulation with the vertebrae. With the shifting of the hori- 
zontal muscle septum, the ribs come to lie higher on the vertebrae 
and thus the parapophyses may gradually change into the dia- 
pophyses. The ribs were primitively single-headed but even in 
some Embolomeri they have become two-headed. The lower 
head, or capitulum, articulates principally with the basiventral, 
while the upper head, or tubercle, abuts against the basidorsal. 
The ribs of Gymnophiona, when they first appear in ontogeny, are 
continuous with the vertebrae. Since the capitulum apparently 
is derived from the ventral arcualia, the tubercle from the dorsal 
arcualia, Marcus and Blume (1926) have assumed the two-headed 
condition of the rib primitive. The septum in which the rib 
rises may change its relationship to the vertebrae and hence vari- 
ous shiftings of the ribs have occurred during phylogeny. Thus, 
within the lepospondyls the vertebrae either may have the primi- 
tive intervertebral position or may articulate with diapophyses 
extending from the side of the arch. Both frogs and salamanders, 
since they arose from the typical branchiosaurs, presumably 
had their ribs attached to stout diapophyses. This condition is 
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retained in the frogs. A very similar condition is found in hyno- 
biids and cryptobranchids. In most urodeles the ribs are two- 
headed and attach lower on the side of the vertebrae than in 
frogs. In a single animal, such as Necturus, the capitular head 
of the ribs shifts from a parapophysis, or process from the side 
of the centrum in the vertebrae of the trunk region, to a ribbearer, 
a more dorsal process of the second and third vertebrae (Gamble, 
1922). This division of a rib head into a capitulum and tubercle 
may have originated within the Caudata. At least it is not found 
in frogs and reaches its greatest development in the more special- 
ized urodeles. The functional significance of double-headed 
ribs would seem to lie in their mechanical advantage over single- 
headed ones in resisting the downward pull of the viscera in 
terrestrial life. 

Although the ribs are long in some labyrinthodonts and lepos- 
pondyls, they never meet in the midline or take part in the forma- 
tion of the sternum. In the branchiosaurs the ribs are short and 
straight, and this condition is inherited by frogs and salamanders. 
It is sometimes assumed that the ribs of Amphibia are duplex 
structures which have arisen by the fusion of the dorsal and 
ventral ribs of fishes (Naef, 1929). Although there is no reason 
why the rib-forming mesenchyme may not shift its position in 
the septa, there is no palaeontological proof of this fusion of 
dorsal and ventral ribs in the ancestors of modern Amphibia. 

In the primitive salamandrids, such as the Spanish newt, 
Pleurodeles waltl^ and also in its close relative, Tylototriton, the 
tips of the ribs may be pointed and actually protrude through 
the skin. This modification of the ribs finds a parallel in the 
toes of some African frogs where the terminal phalanges protrude 
through the integument. The modification in the urodeles is 
believed to serve as a mode of protection. 

In the more long-bodied salamanders, such as Siren and 
Amphiuma, the ribs are greatly reduced in number and are 
found only on the anterior vertebrae. In the Salientia the 
reduction has reached an extreme; only the liopelmids and 
discoglossids retain ribs in the adult, but the pipids have 
ribs while larvae. These ribs in the pipid larvae later fuse 
to the diapophyses of the vertebrae and are not distinguish- 
able from them. No ribs appear as distinct ossifications in 
Salientia higher than the Pipidae, although bits of cartilage 
are frequently found on the ends of the diapophyses. 
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Abdominal Ribs. — The ventral side of the body of many 
Labyrinthodontia, Lepospondyli, and especially Phyllospondyli 
was sheathed with a coat of closely set bony rods or plates. These 
had various forms and sizes but they were usually arranged in a 
series of /\-shaped rows, with the apexes directed forward. 
They are unknown in the Stereospondyli and may have been lost 
in other higher Labyrinthodontia. The reptiles inherited their 
abdominal ribs from embolomerous ancestors. The turtles 
fused some of them together to form part of the plastron. Sphe- 
nodon and some lizards retain them as slender rods of cartilage 
or bone in the ventral musculature (see Camp, 1923). 

The abdominal ribs were well developed in the branchiosaur 
ancestors of the Caudata and Salientia. Large cartilages of 
much the same form as the abdominal ribs of the lizards appear 
in the myosepta of the M. rec/ws of Liopclma (Fig. 94). 

Goette found in Bombina some traces of paired cartilage forma- 
tion in the ventral musculature which, according to Gegenbaur, 
might correspond to the ventral sections of true ribs. The 
abdominal ribs, however, have no ontogenetic nor phylogenetic 
relationship to the true ribs. They are dermal elements similar 
to the interclavicle in origin. The development of these slips 
of cartilage in the Liopelmidae and Discoglossidae has not been 
studied. In their adult condition they appear to be remnants 
of the abdominal basket of the branchiosaurs. Similar pieces 
of cartilage have been described in Necturus, but in no urodele 

are they so well developed as in Liopelma. 

Pectoral Girdle.— The pectoral girdles of frogs and salaman- 
ders appear very different, although they both were derived from 
the same type originally. The Embolomeri inherited a girdle 
almost exactly like that of their fish ancestors except that a new 
element, the interclavicle, was added to its ventral surface. The 
girdle consisted of two half rings articulating in the midventr^ 
line with the interclavicle. The bulk of each half ring was forme 
by a single element, the scapula or scapulo-coracoid, for in the 
higher Amphibia there are two centers of ossification in this 
element. On the anterior edge of the scapulo-coracoid were a 
clavicle and a cleithrum as in fish. In the most primitive 
Embolomeri there were also a supracleithrum and a post-tempora 

attaching the clavicle to the skull. . 

Within the Labyrinthodontia there occurred an increase m c 

size of the scapulo-coracoid element at the expense of the dermal 


THE SKELETON 


237 


pitidae, both clavicle and procoracoid may become lost entirely. 
An anterior extension of the procoracoid cartilage in the midline 
frequently splits off to form a 


distinct element which may 
become ossified. This is the 
so-called ^‘omosternum/* 
which in some famiUes, espe- 
cially in the Polypedatidae and 
African Ranidae, may become 
widely forked posteriorly. 
The sternum is a cartilaginous 
plate in primitive frogs, and 
since a sternum is never found 
among the fossihzed remains 
of branchiosaurs and labyrin- 
thodonts, it may have been 
represented by a cartilaginous 
piece in these ancestral groups 
as well. In primitive frogs 
the sternum resembles the ab- 
dominal ribs but possesses 
anteriorly two leaves fitting 
between the coracoid carti- 
lages. In the higher Salientia 
these leaves are lost and the 
diverging processes of the 
sternum fuse to form a single 
plate which in the many ad- 
vanced types may become 
ossified. The sternum of the 
discoglossids resembles that of 
urodeles, while that of many 
higher Salientia is specialized 
not only by calcifying or ossi- 
fying but also by assuming a 
plate or rodlike form. The 
narrow, bony sternum of Rana 
represents the extreme condi- 



Fio. 87. — The pectoral girdles of three 
neotropical frogs showing the change from 
the arciferal to the firmisternal type. A. 
Eleutherodactylus bransfordii. B. Smin- 
thillxjs limhcdus. C. Rhinoderma darwinii. 


tion of this modification. 


Pelvic Girdle.— The pelvis of the primitive Embolomeri was a 
distinct advance over the condition found in any fish. It was 


238 


THE BIOLOGY OF THE AMPHIBIA 



B 


Fio. 88. — The pelvis of a frog and that of a salamander compared, .d. Pelvis 
of Aacaphua truei viewed laterally. B. Same seen from below. C. Ventral 
aspect of pelvis of Tylototriton verrucosus. A prepubis occurs in both. In the 
salamander the pubis is cartilaginous, while in the frog it fused wit e 
ischium. Cocc., coccyx; Jack., ischium; Oa.il., ilium; poat-pub., pos pu 
pre-puh. prepubis; Pub., pubis; pubo.iach,, puboischium; Sac., sacrum. 
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a triradiate structure on each side with a long ilium, a short 
ischium and pubis meeting in the acetabulum (Fig. 88A). The 
more terrestrial labyrinthodonts had all three elements well 
ossified, and such a girdle was handed on to the reptiles as a 
primitive inheritance. Within the Embolomeri various changes 



Fig. 89. — Variation in the sacrum of Atelopus varius. A single vertebra, the 
ninth, usually forms the sacrum, but others may fuse with it. 


occurred. Watson (1926) has shown that Diplovertebron 
retained a cartilaginous pubis, and this condition was handed on 
to the branchiosaurs and to modern frogs and salamanders. 
Amphibia never have the large obturator foramen characteristic 
of the pelvis of reptiles, nor do they usually ossify the pubis. In 
the Salientia the pelvis is greatly compressed, and in some 
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species the pubis is calcified, or even ossified. The cartilaginous 

pubis is, however, the primitive inheritance of both frogs and 
salamanders. 

Many aquatic urodeles have developed a Y-shaped cartilage 
attached to the anterior end of the pubis (Fig. 88C). Whipple 
(1906) has shown that this structure and its muscles serve to 
control the shape of the inflated lungs which in these species act 
largely as hydrostatic organs. Contraction of the muscles pulls 
the cartilages dorsally, forcing the air anteriorly into the lungs 
and making the head end of the animal more buoyant. It may be 
noted, however, that Ascaphus, which frequents streams and has 
no need of a hydrostatic organ, has also a cartilaginous plate 
anterior to the pubis, and hence a prepubis may have been a 
primitive character of modern Amphibia. Ascaphus has also 
developed a pair of rodlike cartilages lying on the ventral surface 
of the pubis of the male and serving as a support for the copula- 
tory apparatus which is unique in this frog. 

The pelvis of Salientia is especially characterized by its long 
ilia which make a ligamentous connection with the diapophyses 
of the sacral vertebrae. There may be two or three of these 
pairs of diapophyses, but one is the rule. In some Salientia 
these diapophyses may be greatly expanded (Fig. 89). The 
functional significance of this modification is, however, not clear. 

In the urodeles, sacral ribs afford a support to the ilia. The 
pelvis is lacking in Siren, the caecilians, and some lepospondyls. 

Limbs. — The general correspondence between the fins of fish 
and the limbs of tetrapods is obvious, but the detailed record of 
how the former were converted during Devonian or Silurian 
times into the latter is lacking. Anatomists have, therefore, 
come from time to time to the rescue of the evolutionist and have 
advanced many ingenious theories as to how fins might have 
changed into legs. Thus the fin supports of sharks, of lung 
fishes, of Polypterus, and even the forelimb skeleton of the very 
young salamander larva have been taken by the advocates of one 
or the other theory as a basis for further modifications. The 
difliculty with all these theories is that they are based on modern 
forms, and where any palaeontological evidence is available 
this should be considered first to the exclusion of all other data. 

The skeletons of the forelimbs of only a few generalized cros- 
sopterygians are known. These consist of a proximal humerus 
and two distal elements which may be called “radius” and 
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“ulna.’' Distal to the latter are a series of elements too numerous 
to be homologized with definite digits. The most radical change 
in the evolution of the fish paddle into the forelimb of tetrapods 
must have been in the reduction of elements in this distal row. 
The fundamental plan of humerus, radius, ulna, and a series 
of digits was marked out in the skeleton of the fish paddle long 
before the tetrapods evolved (Fig, 90). 

Embolomeri might have been expected to show the most 
primitive type of tetrapod limb. Watson (1926) has shown 




Primilive AmphibiQa 
{t'ryop.^J 


C cvolutio,, of the carpus: c., centrale; c,_., carpalia; 

.S, scapulo-coracoid, H, hiimonis; t.. intermedium; m,.*. niedialia - Pp prepollex- 

u»na. (After Gregory Minei- 


that Diplovertebron agreed with the oldest reptiles in having 
five well-developed fingers and toes. On the other hand, Greg- 
ory , Miner, and Noble (1923) found evidence of a prepollex 
in the rachitomous Eryops, and although four well-developed 
digits were present, there was space for cartilaginous pieces which 
rnight represent a fifth and a sixth digit. It might be argued that 
the short thumb of Diplovertebron represents the prepollex of 
modern Amphibia, but Steiner (1921) found that in Bombina 
five digits were present in the blastema of the hand as well as 
the prepollex. The prepollex has also been described in the 
embryo of reptiles (Steiner, 1922). Thus there can be no doubt 
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that the original hand consisted of a prepollex as well as five 
digits and possibly also a cartilaginous rudiment of a sixth digit. 
In all Amphibia above the Embolomeri, only four functional 
digits are known, although some fossil types, to judge from the 
tracks, may have had a supporting ray on the inner side, namely, 
the prepollex. In frogs and toads the prepollex is often enlarged 
in the male to serve as a gripping organ during amplexus. A 
bony prepollex is, moreover, present in some salamanders such 
as Amby stoma opacum. The inheritance of modern Amphibia 
was, thus, a prepollex, four digits, and the rudiment of a fifth 
in the hand. 

Diplovertebron possessed five digits in the hind foot. In 
most Salientia there are not only five digits but also a prehallux. 
In some primitive salamanders there may be both a cartilaginous 
prehallux and postminimus (Schmalhausen, 1910). Since the 
prehallux forms the core of the “ spade in burrowing Salientia, 
it is sometimes considered a neomorph. It is, to be sure, hyper- 
trophied in burrowing types, but as it also occurs in non-burrowing 
species it would seem to be a primitive inheritance. In the 
evolution of the Amphibia there has been a reduction not only 
of the number of digits but also in the number of carpal and 
tarsal elements. The Rachitomi had more of these elements 
than any recent form. There was a proximal row in the hand 
of four elements called the “radiale,” “centrale,” “interme- 
dium,” and “ulnare,” respectively. In the foot elements hav- 
ing a similar position are called “tibiale,” “centrale,” “interme- 
dium,” and “fibulare.” Distal to this proximal row in hand 
and foot, there was, respectively, a row of three carpal and three 
tarsal elements, called “medialia” by Schmalhausen. Distal 
to these were five carpalia in the hand and five tarsalia in the 
foot. There was, therefore, an almost exact correspondence 
between the elements in the primitive carpus and those of the 
primitive tarsus. 

The carpus and tarsus of modem Amphibia differ from those of 
Rachitomi in exhibiting various fusions. The primitive sala- 
manders approached most closely to the original condition. 
Schmalhausen (1917) found that the tarsus in Ranodon differed 
from that of Trematops only in that tarsalia I and II are fused. 

In the Salientia marked changes have occurred in all three rows 
of elements and also in the long bones of the legs. Radius 
and ulna are no longer separate but fused to form a single bone 
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in each forelimb, and the fused tibia and fibula form a single 
bone in each hind limb. The tarsus of the frogs is distinctive 
in the elongation of the tibiale and fibulare and in the loss or 
fusion of most of the other elements except a few tarsaha. The 
primitive families retain three tarsalia, the more advanced only 
two. The elongation of the proximal segment of the tarsus 
may be an adaptation for jumping, and the reduction of the distal 
elements may be a consequence of this elongation. The tibiale 
and fibulare may be fused together at their two ends in some 
Salientia, while in Pelodytes they are united for their entire 
length. The Salientia, which are more primitive than Caudata 
in most details of the skeleton, have specialized considerably 
away from the primitive condition in their single lower limb 
bones and in their reduced carpus and tarsus. Discoglossidae 
and Pelobatidae exhibit fewer fusions than the higher Salientia 
(Ridewood and Howes, 1888). The carpalia III and IV, for 
example, are usually free instead of fused to the mediale III, The 
medialia are always more or less fused to other carpal elements 
in all Salientia, and the intermedium of urodeles never appears 
in the group as a separate element. 

Diplovertebron had a phalangeal formula of 2, 3, 3, 3, 4 in 
the forelimb. This formula is unique, and Watson (1926) 
suggests that it has arisen by reduction from the primitive 
reptilian formula which was presumably found in the most 
primitive Embolomeri (whose appendages are unknown). It 
may be assumed that the most primitive tetrapods had a formula 
of 2, 3, 4, 5, 4. The number 2, 2, 3, 4, 3, is retained in the feet 
of most labyrinthodonts, at least one branchiosaur, and most 
Salientia. The labyrinthodont Trematops and the lepospondyl 
Hylonomus, etc., have been credited with 2, 3, 4, 4, 3, phalanges 
in the foot. Most urodeles have 2 (1), 2, 3, 3, 2 phalanges in 
the foot and 2 (1), 2, 3, 2, in the hand. Eryops had the same 
number of hand phalanges, but most branchiosaurs and the 
Salientia usually have 2, 2, 3, 3 phalanges. One branchiosaur, 
however, has the typical urodele number. One group of species 
of Ambystoma have redeveloped an extra phalanx in the fourth 
toe, and their formula reads 2, 2, 3, 4, 2 (Cope, 1889). Whether 
or not this be considered a case of atavism, it is interesting to 
note that the Salientia in spite of their specialized tarsus approach 
nearer to their branchiosaur ancestors in number of hind limb 
phalanges than do the Caudata. 
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Reduction in the length of the lateral digits or the complete 
loss of the same occurs in both Salientia and Caudata. Many 
of these reductions have a systematic value as discussed in 
another chapter. Where losses occur, the tarsal or carpal 
elements are reduced apparently by fusion. In Proteus and 
Amphiuma with three digits in the forelimbs, the carpus may be 
reduced to three elements (Kingsley, 1925). On the other hand, 
increase in length may lead to a multiplication of parts. Thus, 
the prehallux of Rana hexadactyla may be divided into three 
segments. 

Skeleton of Modem Amphibia. — In conclusion, it may be 
emphasized that the Salientia, the Caudata, and the Gymnophi- 
ona represent three lines of evolution, each of which retains 
primitive characters of its own. The Salientia exhibit various 
primitive characters in their skull, pectoral girdle, and digits, 
while the Caudata are obviously nearer the ancestral stock in 
the character of their lower jaws, ribs, pelvis, carpus, and tarsus. 
The Gymnophiona, although highly specialized for fossorial life, 
exhibit such primitive features as an ectopterygoid and epiptery- 
goid, both lost or greatly reduced by the adults of the other 
orders. Thus, it cannot be said that the skeleton as a whole, 
of frog, salamander, or caecilian is more primitive than that of 
the other Amphibia. Another general conclusion which may 
be derived from the above review is that homology must be 
based upon the phylogenetic and not the embryological origin 
of a structure. The limbs, sacrum, occiput, and many other 
parts of the skeleton may be derived from different somites in 
different groups of Amphibia. Nevertheless, if structures in 
different groups can be demonstrated to have arisen from the 
same structure in a common ancestor, they may be considered 
homologous. Apparently, organ-forming materials may become 
distributed in different somites in the course of phylogeny. We 
shall refer to this subject again in the following chapter. 
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CHAPTER XI 


THE MUSCULAR SYSTEM 

The Amphibia exhibit many modes of locomotion: the aquatic 
urodeles have retained some of the swimming movements of 
fish; the frogs have specialized in leaping and have lost the tail; 
many burrowing Salientia must be content with walking, as 
they are too short-legged to leap; finally, a few salamanders and 
many frogs have become arboreal and can successfully clamber 
up the trunks of trees. As in other animals, nearly all move- 
ment in the Amphibia is produced by muscles. These are of two 
kinds; the involuntary, non-striated muscle derived from the mes- 
enchyme (rarely from ectoderm) and found in the walls of diges- 
tive tracts, viscera, blood vessels, etc., and the voluntary, striated 
muscle arising from the myotomes and serving for the movement 
of limbs and body wall as well as for the attachment of many 
skeletal elements to one another. The muscles of the gill arches 
and jaws arise from mesenchyme in the wall of the pharynx, but 
they become striated and voluntary and are spoken of as visceral 
in contradistinction to the somatic voluntary muscles of myotome 
origin. The heart muscles are also of mesenchyme origin. 
'’Hiey become striped but remain involuntary in action. Further, 
they have a distinctive branching or anastomosis of fibers not 
found in other muscular tissue. It is thus possible to classify 
muscles in several ways: according to their origin from mesen- 
chyme (visceral) or myotomes (locomotor and body muscles), 
according to function (voluntary and involuntary), according to 
their structure (smooth or striated), according to their innerva- 
tion (facial, etc.). None of these classifications has proved 
thoroughly satisfactory, since in all cases there is a certain inter- 
gradation between the types. For example, limb muscles may 
arise from myotomes in sharks but apparently from mesenchyme 
in Amphibia. Muscle movement is caused by the contraction 
of either the muscle cell itself or the contractile myofibrils 
within the cell or group of cells. The voluntary muscles are 
much more rapid in their action than the involuntary muscles. 
They owe their speed of action to their myofibrils which are 

247 



248 


THE BIOLOGY OF THE AMPHIBIA 


striated, that is have alternate light and dark transverse segments 
unhke the myofibrils of smooth muscle. 

Although all muscles are under nervous control of impulses 
from the central nervous system, visceral muscles may respond 
directly to stretching by contracting. Further they may main- 
tain a state of contraction once obtained without further nervous 
stimulation. In this they stand in contrast to the skeletal 
muscles which owe a sustained contraction to rapidly recurring 
stimuli. With the onset of fatigue the skeletal muscles relax. 
The heart continues its contractions when removed and placed in 
suitable fluid j it is thus an independently functioning organ whose 
activity is merely influenced by sympathetic and parasympathetic 
impulses. Its rhythmic activity is due to the refractory period 
following each contraction during which the heart cells are 
incapable of excitation. Since the duration of this refractory 
period differs with the species, the isolated hearts of different 
species of Amphibia beat at different rates. 

The form and arrangement of the muscles are very closely cor- 
related with function. The skeleton is merely a trestle work for 
the muscles which frequently may shape the form of the bones. 
Since the skeleton usually affords the best evidence of a species 
relationship, it is of interest to examine not only the correlation 
between bone and muscle form but also the phylogenetic changes 
in the muscle system as a whole, since the latter no doubt has 
left its stamp upon the skeleton. The muscles of the frog are 
frequently used in physiological studies and the names applied 
to the separate elements are largely borrowed from human 
anatomy without sufficient evidence as to the homology of the 
parts. The muscular system of the frog has been derived from 
that of a primitive amphibian ground plan which is not yet 
known in all its details. Some of the more obvious features of 
this plan may be discussed with relation to the evolution of the 
Amphibia. 

The muscular system of vertebrates was originally segmentally 
arranged with a pair of spinal or cranial nerves to each segment. 
Connective tissue sheets, or myocommata, separated the respec- 
tive segments, and in Amphibia where muscles, such as the 
rectus abdominiSj are built out of components from several 
segments, the myocommata may still remain as evidence of this 
primitive segmentation. The innervation is the best evidence 
of the homology of a muscle, for the original nerve supply tends 
to follow a muscle throughout the various migrations it may 
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have made during phylogeny. Transplantation experiments 
have shown that this relation between nerve and muscle is not a 
fundamental one, since limbs transplanted into a foreign position 
may pick up a new nerve supply from the spinal nerves of its 
new environment (Detudler, 1920; Mangold, 1929). Further, 
just as the pelvis or the occiput may be formed from different 
somites in labyrinthodonts and frogs and yet be considered 
homologous structures, so the limb muscles, together with their 
nerve supply, may have arisen in these two groups from dif- 
ferent somites but are nevertheless considered homologous. 

Body Muscles. — The somatic muscles derived from the 
inyotomes give rise to the trunk muscles and in other groups after 
modification to the limb muscles, while in the gill region they 
are squeezed into an epibranchial and a hypobranchial mass by 
the visceral muscles, and produce there merely part of the throat 
and neck muscles. Primitively in vertebrates the muscle fibers 
extended from myocomma to myocomma and only the fibers 
nearest the vertebrae gained an attachment to the axial skeleton. 
In fishes the somatic muscles are already sharply divided, by a 
horizontal myoseptum or connective tissue plate, into a dorsal 
epaxial mass — the definitive back muscles, and a ventral hypaxial 
mass — the body wall, the lower portion of the tail musculature- 
and the ventral throat muscles. The epaxial muscles are inner 
vated by dorsal branches, the hypaxial by ventral branches of 
the spinal nerves. In fishes the epaxial muscles are greater in 
volume than the hypaxial and serve with the latter to bend the 
body from side to side in swimming. In Amphibia, the epaxial 
muscles are reduced, and correlated with this, the horizontal 
septum together with the transverse processes of the ribs are 
pushed to a higher level on the side of the vertebral column. 
Less dependence on the epaxial (dorsal) muscles occurs during 
locomotion, until in frogs the epaxial muscles serve to bend the 
vertebral column dorsally instead of laterally (Fig. 91). The 
hypaxial muscles, also, show marked changes in correlation 
with terrestrial life. This is far greater in the body wall, which 
serves for supporting the viscera and for respiratory movements, 
than in the tail, which still functions in locomotion. With the 
reduction of their locomotory functions, the hypaxial (ventral) 
muscles give rise to a subvertebral system which comes to 
underlie the vertebrae and ribs. Before considering the modifica- 
tions of the hypaxial (ventral) system in detail, some further 
reference may be made to the epaxial musculature, since the 
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frogs with their short bodies and leaping movements have 
molded this epaxial (dorsal) musculature in correlation with their 
distinctive habits. 

In urodeles the epaxial muscle mass is divided by myocommata 

into the same number of seg- 
ments as there are vertebrae. 
Most of the muscle fibers run 
from myocomma to myocomma 
as in fish, but these septa show 
little of the folding so charac- 
teristic of the dorsal muscles of 
swift-swimming fish. Proxi- 
mally each myocomma makes a 
firm attachment to a single 
vertebra in adult Amphibia, 
although in some larvae the 
proximal attachment extends 
to several vertebrae, a piscine 
condition and one apparently 
correlated with the elastic and 
poorly jointcdvertebral column. 
The muscle fibers adjacent to 
the vertebrae are more or less 
attached to them, forming short 
intersegmental bundles. In 
the Salientia this deep muscle 
formation is carried much 
farther, and definitive Mm. 
intertransversarii and inter- 
neurales between the transverse 
processes and the neural arches, 
respectively, may be distin- 
guished in the more advanced 
groups where they have split from the primitive M, dorsalis irurwi 
mass. Further, a lateral ileolumbaris is present on each side in 
frogs of several families. The overlying muscle fibers, while more 
or less fused in Ascaphus, become free of these intervertebral 
muscles in Discoglossus and in most frogs form a long muscle ex- 
tending from head to coccyx, the M. longissimus dorsi. Although 
V-shaped myocommata are retained, they make little or no 
attacbment to the vertebrae (Fig. 91), These superficial epaxial 



Fig. 91. — Dorsal body musculature 
of Bombina maxima. C.I., Coccygeo- 
iiiacus; C.S., coccygeo-sacralis, D\-%, 
longissimus dorsi, successive segments; 
D.M., depressor mandibulae; D.S., 
dorsalis scapulae; I.L., ileolumbaris; 
Lot., latissimus dorsi; Pt., pterygoideus; 
S., sacral diapophyses; Tern., temporalis. 
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muscle fibers of frogs have practically given up their original 
function of lateral bending but have assumed new functions of 
holding up the head in leaping and of bending the body sharply 
upward in a so-called warning” attitude (Chap. XVI). 

Although both urodeles and Salientia have very short necks, 
many species are capable of bringing the head to a lateral 
position nearly at right angles to the main axis of the body. 
Such a movement is facilitated by a division of the anterior 
part of the M. dorsalis trunoi into several muscle bundles which 



Fig. 92. — A comparison of the ventral body musculature of various Amphibia. 
Schematic cross-sections through the middle of the body. A. Triturus, larva. 
B. Triturus, adult. C. Salamandra, adult. D. Rana, adult. D.M., back 
musculature; O.E., M. obliquus externus abdominis; O.E.P., M, obliquus extcr- 
nus profundus; O.E.S., M. obliquus externus superficialis; 0.7., M. obliquus 
internus; M. pectoralis; R., M. rectus abdominis; R.L., rectus lateralis; 

R.P., rectus profundus; R.S., rectus superficialis; S.V., subvertebralis; Tt., 
transversus. {After Maurer,) 


extend to the skull. In the newt there are three of these mus- 
cle heads, an apparent fourth being the temporalis, a visceral 
jaw muscle which extends to the neural spine of the first verte- 
bra of many urodeles and is especially well developed in the 
species of Desmognathus. 

The hypaxial musculature of the early urodele larva approaches 
the condition in fish. Myocommata are present and the fibers 
instead of running longitudinally, as assumed for the primitive 
vertebrate, are arranged into two layers of oblique fibers, the 
outer running ventroposteriorly and the inner, dorsoanteriorly, 
that is, in the opposite direction. These are the Mm. obliquus 
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externus and internuSy while the medioventral fibers which 
retain the primitive longitudinal direction form the M, rectus 
abdominis. There develops in some aquatic larvae such as 
those of the newt a muscle bundle just below the horizontal 
septum which appears to be homologous with the M. rectus 
lateralis an important swimming muscle of many teleosts (Ver- 
sluys, 1927). As the larva develops, the hypaxial muscles 
differentiate further from the fish condition until at metamor- 
phosis radical changes frequently occur (Fig. 92). The first 
change during development is the differentiation of an additional 
muscular layer outside the original outer oblique layer and 
another inside the original inner oblique layer. Further, the 
rectus may also split off an outer layer. In this way four oblique 
and two rectus muscles may arise in the mature urodele larva. 
The muscles, reading from the outside in, are called M, ohliquus 
externus super ficialiSy M. o. e. profunduSy M, o. internuSy and M. 
transversuSy also M. rectus superficialis and M, r. profundus 
(Maurer, 1892, 1911). At metamorphosis the rectus lateralis 
may disappear and the secondary hypaxial muscles increase in 
thickness. 

Modification of Body Muscles. — The various genera of uro- 
deles show differences in the body muscles for which there is 
claimed both phylogenetic and functional significance. In the 
terrestrial Salamandra there are four muscle layers forming the 
body wall of the larva, but the M, o. internus and the M. trans- 
versus fuse together during metamorphosis. On the other hand, 
in the aquatic Cryptobranchus the Mm. o. e. superficialis and 
profundus are fused or possibly never separate, the conditions in 
the early larvae being unknown. In the different genera of 
urodeles the superficial rectus shows various degrees of freedom 
from the profundus and the latter from the primary ohliquus 
externus and internus of its origin. Failure of the M. rectus 
profundus to separate from the latter may be considered a larval 
condition retained by the perennibranchs. The condition is, 
however, found in a few metamorphosed types sOch as the newt 
(Fig. 92B). A progressive change found developed to various 
degrees in the different groups of urodeles is the loss of the myo- 
commata in the body muscles. In Amphiuma, for example, 
this loss of segmentation occurs in both the M. o. e. superficialis 
and the M. transversus. In the case of the former it might be 
correlated with the digging habits of the species. The loss of 
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the myocommata frees the muscle layers from adjacent integu- 
ment or muscle and makes possible independent action. There 
are, in brief, two tendencies of urodele evolution found in these 
body muscles: first, reduction in number of layers; and second, 
loss of metameric structure. 

In the Salientia these tendencies are carried nearly to comple- 
tion. The primary oblique muscles form a single sheet as in 
very young but not older urodele larvae (Maurer, 1895). Fur- 
ther, this combined obliquus externus and inter?ius is replaced 
just before metamorphosis by the secondary il/. obliquus externus 
superficial is and AI. iransversus. The AI. ?'ectus abdominis 
develops in the tadpole as a single muscle and remains un- 
divided in the adult frog. The m^mcommata are not formed 
in the first two muscles and only the rectus retains the original 

segmentation. 

While the reduction of the number of muscles in the body wall 
may be traced from the axolotl to the frog, there remains to be 
considered what the primitive condition may have been in 
Amphibia. Reptiles, although terrestrial, exhibit no reduction 
of hypaxial muscle layers. On the contrary, in addition to the 
four muscle layers forming the body wall of the newt, they have 
two additional layers associated with the ribs. Since the bran- 
chiosaur ancestors of frogs and salamanders had short ribs, they 
presumably possessed no such development of the hypaxial 
muscles as is found in modern reptiles. The reduction of the 
primary hypaxial muscles at metamorphosis in the Salientia 
would apparently be correlated with the absence of the ribs rather 
than with the assumption of terrestrial life. We may conclude 
that four layers of muscle formed the body wall of the primitive 
amphibian larva, and that the two primary or central layers 
were reduced in correlation with the degeneration of the ribs 
in the metamorphosed adult. 

The hypaxial muscles of the tail retain the primitive metam- 
erism, and the muscle fibers run longitudinally between the 
myocommata. In the pelvic region two muscle bundles gain an 
insertion on the hind limb of each side and assume important 
functions in walking. Many urodeles, both aquatic and terres- 
trial forms, arc able to use their tails as prehensile organs, but 
as the tip is merely moved to the side, no fundamental changes of 
musculature, such as is found in the chameleon’s tail, for example, 
are made in this appendage. 
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Ventral Throat Musculature. — The rectus abdominis is contin- 
ued forward into the throat region by the sternohyoideus or 
ahdominohyoideus of urodeles. The latter muscle is part of the 
hypaxial system , but its union with the rectus is apparently second- 
ary, since the labyrinthodonts had a better developed pectoral 
girdle than modern urodeles, and this would have separated the 
two muscles (Miner, 1925). The condition in Salientia where 



A. H. 



C. H. I. 


Fig. 93. — Dissection of the hyobranchial muscles of the adult Enrycea bisline~ 
ala, dorsal view. The dorsal surface of the tongue has been partly removed 
and the posterior edge entirely so, to show underlying muscles. A.H., abdomino- 
hyoideua; A.H.S., abdominohyoideus ventral slip; C.B.x-t, ceratobranchial I 
and II; C.H., ceratohyal; ceratohyoideus internus; D.A., depressores 

arcuum; G.H.L., geniohyoideus lateralis; //., horn of copula; H.G., hyoglossus; 
L., lingual cartilage; O.T., os thyreoideum; S.P., suprapeduncularis. {After 
Smith.) 


the muscles are separate, although sometimes overlapping, is 
more primitive. The sternohyoid is continued to the lower 
jaw by the same tongue muscles in both frogs and urodeles. 
The geniohyoideus extends from hyoid to the anterior margin 
of the lower jaw, while a median bundle of muscle fibers extends 
to the floor of the mouth and forms the bulk of the superficial 
tongue muscles (Fig. 93). The detailed arrangement of these 
muscles varies with the group of Amphibia considered (Gaupp, 
1896; Driiner, 1902, 1904), and in the perennibranch urodeles the 
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conditions may be more larval than primitive. In some urodeles 
and frogs the lateral portion of the sternohyoideus may form a 
distinct omohyoideus as in higher vertebrates. 

Forelimb Muscles. — The forelimbs of the earliest tetra- 
pods were held more or less at right angles to the body and the 



Fio. 94. — Ventral body nniscles of Liopelma showing the cartilaginous abdomi- 
nal ril)8 which occur in this prinutive frog. A.R., abdominal ribs; 
coracobrachialis brevis; C.B.L., coracobrachialis longus; C.H.P., coracoradialis 
proprius; />.. deltoideus; G\.. lymphoidal gland. P.Ahd., pectoralis abdominalis; 
P.Sl., pectoralis sternalis; S.S., Bupracoracoideua. 


sharply bent forearms supported the weight. The humerus was 
advanced and the forearm extended, or the humerus brought 
posteriorly and the forearm flexed. The musculature of the 
forelimb, as far as it may be judged by the form of the limb and 
girdle, consisted of a ventrolateral and a dorsomedial group of 
muscles, which Romcr (1924) has homologized with the muscle 
masses found one on either side of the anterior fins of fish. 
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The hind limbs also were held astraddle when at rest, and a dorsal 
and a ventral group of muscles could be inferred in the early 
tetrapods. The limb muscles have presumably split from the 
hypaxial musculature during phylogeny, but modern Amphibia 
show no evidence of such origin in their ontogeny (Lewis, 
1910, Rylkoff, 1924). The musculature of fore- and hind limbs 
was not alike in detail even in the most primitive tetrapods. 
Such a difference was correlated with the different structure 
of the pectoral as compared with the pelvic girdle inherited from 



^•“I^issection of the arm and shoulder musculature of Megalobatrachus. 
anc. a ., M. anconeus lateralis; anc.scap., M. anconeus scapularis; bri., M. 

rac la is inferior, cfef., M. coracobrachialis longus; delt.scap., M. deltoides 
^apu ans- orsalis scapulae; ext.carp.rad., M. extensor carpi radialis; cxf.corp.u/n., 
rv/T iT, carpi ulnaris; ext. dig. long,, M. extensor digitorum longus; lev. scap., 

u latissimus dorsi; p., M. pectoralis; procor.hum., M. 

1 ^^crahs; eerr.pro., M. serratus profundus; spc., M. supracoracoideus; 
««P. long., M. supinator longus; trap,, M. trapezius. {After Miner.) 

fish. Further, the forelimbs were early used to raise the body, 
while the hind limbs pushed it forward. In correlation with this 
functional difference, the elbow joint formed in the forelimbs 
tended to be directed backward like that of modern Amphibia, 
while the knee joint gave a better purchase when directed 
forward. This functional difference, continued in phylogeny, 
affected the distal segments least and a great similarity may 
still be found in the distal muscles of the fore- and hind limbs of 
modern salamanders such as Necturus (Wilder, 1908). Although 
the pelvic girdle very early in the history of the first tetrapods 
gained a firm attachment to the vertebral column, the pectoral 
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girdle, apparently in correlation with the requirements of respira- 
tion, did not succeed in the amphibian series in securing a similar 
support. Hence, the forelimb muscles in Amphibia spread 
dorsally and ventrally over the body, the pectoralis group of each 
side meeting ventrally in the midline in many species (Fig. 94), 
while in some aquatic and burrowing types which use their fore- 
limbs to a considerable extent, one of the dorsal muscles {M. 
latissimus dorsi) came to cover a considerable part of the back. 
Although some hypaxial muscles attach to the pelvis and femur, 
these are tail muscles which utilize the swing of the caudal 
appendage to pull the legs posteriorly, and they may be sharply 
contrasted to the several powerful hypaxial muscles which 
extend from the ribs, transverse processes or skull, to give support 
to the pectoral girdle. The chief muscle masses which originally 
attached to the cleithrum and scapula of labyrinthodonts 
extend mainly to the suprascapula of modern Amphibia, a 
levator group forming an anterior mass and a serratus group form- 
ing a posterior one (Fig. 95). The musculatures of the fore- 
and hind limbs do agree, however, in being formed of short, 
deep muscles extending over one limb joint and of long, more 
superficially placed muscles reaching over two or more limb 
segments. 

Comparison of Frog and Salamander. — A detailed comparison 
of the limb muscles of the various groups of Amphibia lies 
beyond the scope of the present discussion. Still, the proximal 
limb muscles of common frogs and salamanders seem at first 
glance so very different in the two groups that the similarity of 
plan may be emphasized here. If the skin from the chest and 
upper arm of such a primitive frog as Ascaphus or Liopelma 
be peeled back and the muscles compared with those from the 
same region in Megalobatrachus or other primitive urodele, a 
remarkable resemblance will be noted. The urodeles have lost 
the dermal shoulder girdle, and the long slip of muscle found in 
the frogs, running from the ventral surface of the head of the 
humerus to the mesial end of the clavicle and called by Anthony 
and Vallois (1914) episterna-cleido-humeralis longuSj has disap- 
peared unless it is represented by a muscle carried forward on the 
anteriorly directed procoracoid cartilage of salamanders. Except 
for this difference, the number and arrangement of the muscles 
covering the ventral surface of the pectoral girdle of frogs and 
urodeles are the same. Beginning at the anterior end there is a 



258 


THE BIOLOGY OF THE AMPHIBIA 


supracoracoideus covering coracoradialis propnus and inserting 
on the ventral process of the humerus. The latter deep-lying 
muscle is continued in all frogs and many salamanders as a tendon 
hidden among the muscles of the upper arm to the radius, which 
accounts for its name. Superficially covering the chest a broad 
pectoralis muscle lies immediately caudal to the supracoracoideus 
and with the latter covers two coracobrachialis muscles which 
extend between humerus and coracoid (Fig. 94). All of these 
muscles belong to the ventrolateral muscle mass in the earliest 
tetrapods and in their fish ancestors. The muscles on the flexor 
aspect of the forearm and hand of Amphibia also are part of this 
mass. It would hardly be inferred from a superficial examination 
of modern Amphibia that the dorsalis scapulae, originating on the 
suprascapula and inserting on the ventral process of the humerus, 
also belonged to this ventrolateral group. In the earliest 
Amphibia the cleithrum formed the anterior border of the cora- 
coscapula, and the dorsalis scapulae was part of a deUoideus 
mass which had a broad seat of origin along this dermal element 
(Miner, 1925). With the reduction of the cleithrum in frogs 
the deUoideus was split into two or more masses, one of which 
formed the dorsalis scapulae, another the episterno-cleido- 
humeralis longus (= deltoides clavicularis) of frogs, some fibers 
remaining in the original central position marked by the acromion 
process and forming the acromio-cleido-episierno-humeralis of 

Anthony and Vallois. In urodeles the cleithrum has been lost 
entirely and the only evidence of the former continuity of the 
dorsalis scapulae and the procoracohunieralis is their common 
innervation. 

The pectoral musculature has undergone some modification in 
the phylogeny of both frogs and salamanders. All Pelobatidae, 
as far as known, have the episterno-cleido-humeralis longus fused 
with the supracoracoideus, and the caudal part of the latter muscle 
retains the primitiveness of Discoglossidae in remaining a single 
muscle instead of splitting off a supracoracoideus profundus as in 
many Bufonidae (Noble, 1926). The pectoral musculature of 
Rana is highly specialized but not so much so as in the case of 
many Brevicipitidae which have lost the clavicle and procoracoid 
and piled the pectoral muscles close together. The pectoralis is 
usually split into a sternal and an abdominal portion in 
Salientia. The latter may extend to the thighs in some species 
of frogs. 
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The muscles of the dorsomedial group show far less specialization 
than those of the ventrolateral group, and not only are frogs and 
salamanders alike in regard to the general form and arrangement 
of the several muscles comprising this series, but the homologous 
muscles in reptiles and mammals may be recognized from their 
positions relative to the bones and to one another. Beginning 
at the proximal end of the series a latissimus dorsi is found in 
both frog and salamander originating from a broad base on the 
dorsal fascia immediately caudal to the dorsalis scapulae and 
narrowing to its insertion on the head of the humerus or its 
capsules. Hidden from view by more laterally placed muscles, 
the subcoracoscapularis is the second muscle of the series. It 
runs from the posterior margin of scapula and coracoid to the 
medial process of the humerus. Its head of origin is thrust 
between two of the heads of the anconeus or triceps^ the third 
muscle of the series to consider. The latter is the large muscle 
covering the dorsal side of the upper arm. It originates from 
four heads on the scapula, coracoid, and humerus which merge 
into a single muscle inserting on the ulna. Obviously this is the 
chief muscle for extending the lower arm. The more distal 
muscles on the extensor surface of forearm and hand are the 
final part of the dorsomedial series. A part of the lower-arm 
muscles arises from the humerus, the extensor muscles from the 
ectepicondyle. These work in opposition to the flexor muscles 
which arise from the entepicondyle and cover the ventral surface 
of the arm and hand. In primitive tetrapods with their heavy 
bodies and broad trackways these distal condyles of the humerus 
were greatly expanded. The muscles serving for the movement 
of hand and fingers have been considered by Gaupp, 1896; 
Ribbing, 1907 ; Miner, 1925; and others. In general, during both 
ontogeny and phylogeny there is a reduction of the short muscles 
of this region and their functional replacement by the longer 
muscles. The same maintains for the evolution of the muscles of 
the feet. 

Hind Limb Musculature. — The musculature of the hind limb 
may be considered briefly. The pelvis of frogs is short and 
narrow, that of urodeles longer and flatter. This has a marked 
effect upon the arrangement of the proximal muscles especially 
as viewed from the ventral surface after removing the skin. 
Nevertheless, when the musculatures of primitive frogs and 
urodeles are compared, a general agreement of plan will be recog- 
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nized which may be taken as evidence that the two groups arose 
from ancestors having a common type of musculature (Fig. 96). 
It is this common plan which must be compared with the hind- 
limb musculature of higher vertebrates in deducing homologies; 
the mammalian names given to the muscles of the specialized 
Rana are for the most part erroneous (Noble, 1922, Table 1). 

If we compare the muscles on the ventral surface of the thigh 
of such primitive genera as Ascaphus and Rhyacotriton, a con- 
siderable resemblance will be noted (Fig. 96), the chief differences 
being that some of the same muscles which are dorsally arranged 
in the salamander cover the anterior portion of the thigh of the 
frog and that the two muscles extending between thigh and tail 
of the salamander are not visible, for they have been carried 
dorsally by the reduction of the tail. Anteriorly on the ventral 
surface of the thigh of salamanders is a puhotibialis overlying a 
deep puboischiof emoralis internus. Their innervations as well 
as their origins and insertions show that these muscles are 
homologous with the so-called ventral head of the adductor 
magnus and the deep-lying pectineus of frogs, respectively. Two 
large muscles caudal to the pubotibialis and forming the bulk of 
the muscles covering the ventral surface of the thigh, the pubois- 
chiof emoralis externus and the puboischiotibialiSj are homologous 
to the muscles having a similar position in the frog, the first to 
the dorsal head of the additctor magnus and the second to a single 
muscle which represents the combined sartorius and semitendino- 
sus of higher Salientia. Some reference is made to these muscles, 
for the changes which take place in the ventral thigh musculature 
are often diagnostic of higher groups (Noble, 1922, 1926). The 
most posterior thigh muscle in Rhyacotriton, the ischioflexorius, 
appears to be a dorsal muscle and in the frogs it is represented 
by the semimembranosus ^ a large muscle on the dorsal side of the 
femur. A part of this ischioflexorius ^ however, forms a distinct 
muscle or pair of them on the posterior margin of the thigh in 
the Salientia. This is the gracilis major and its separate slip, 
the gracilis minor. Obviously the urodele names, expressing 
as they do the origins and insertions of each muscle, are more 
adequate than the names in common use for the frog muscles. 
The literature available concerning the muscles of frogs employs 
for the most part the latter names, and hence both have been 

indicated in the present brief comparison. 
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The muscles on the dorsal surface of the thigh in Rhyacotriton 
and Ascaphus (Figs. 96A and B) show even a closer resemblance 
than those of the ventral surfaces do. There is the same number 
of elements and these have nearly the same mutual relationships. 
The ilium is carried far forward in frogs and the 'puhoischiofemor- 
alts internus forming the anterior margin of the thigh in Rhyaco- 
triton is pulled out into an iliacus externiis. The iliotihialis 
has shortened in Ascaphus and it remains so in all higher frogs 
where it is called ihe tensor fasciae latae. The two “tail- wagging” 
muscles, caudalipuhofemoralis and caiidalipuboischiotibialis, are 
both present, although very small in the frog and extending to 
the coccyx. The first masquerades under the name of pyriformis 
in the frog, but as this muscle is apparently homologous with the 
pyriformis of mammals it may well be substituted for the caudali- 
pubofemoralis of salamanders as well. The remaining muscles 
on the dorsal surfaces of the two thighs offer no difficulty. The 
ilioexiensorius is obviously homologous with the combined cruralis 
and glutaeuSj which are, however, very much more powerful in 
frog than in salamander. The iliofibularis is homologous with a 
muscle of the same name in frogs. The ischioflexorius has already 
been stated to be the homologous equivalent of the combined 
semimembranosus and gracilis. A small part of the deep-lying 
iliof emoralis shows on the dorsal surface of the thigh of Rhyaco- 
triton, and this is homologous with a muscle of the same name 
covered by the iliofibularis in the frog. In mammals the ilio~ 
femoralis becomes the important gluiaeus group which draws the 
chief trochanter of the femur forward and hence the leg back- 
ward in running. The other deep muscles of the frog’s thigh 
need not be mentioned, although they are homologous with 
muscles in the urodele and have undergone certain changes in the 
evolution of the various groups. Homology is determined by 
the origin and insertion of a muscle, its relation to adjacent 
muscles, and its innervation in a natural series of forms. Func- 
tion is no criterion of homology even in related groups. Thus, 
the ilioexiensorius carries the knee dorsally in salamanders on 
contraction, while the homologous cruralis and gluiaeus in frogs 
bring the knee forward and extend the lower leg. If the flexors 
on the back of the thigh are tense in the frog, however, the 
contraction of the same muscle causes a flexion of the leg. The 
action of any muscle when working alone is different from that 
produced by several acting together. 
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Visceral Muscles. — In the discussion of the forelimb muscula- 
ture no reference was made to a conspicuous muscle, the trapezius, 
arising from skull or dorsal fascia and inserting on the scapula. 
This is one of the visceral muscles which forced the epaxial mus- 
cles dorsally, the hypaxial, ventrally, in reaching their super- 
ficial position on the side of the neck. The other visceral muscles 
include the jaw, hyoid, and gill muscles. In fact, with the excep- 
tion of the tongue, eye, and some rnedioventral throat muscles, 
all the musculature of the head is visceral. In the larvae of 
urodeles and frogs there are a superficial constrictor of the bran- 
chial arches and a deep-lying set of levators, marginales, and 
other slips controlling the movements of the gill arches. A similar 
superficial constrictor and a deeper series of short muscles 
derived from it occur in fishes, some of which possess also a 
trapezius inserting on the shoulder girdle. At metamorphosis 
with the disappearance of the gill arches, all of these visceral 
muscles dwindle away except the trapezius, which retains its 
original position relative to the pectoral girdle. In the frog, 
however, the series of levaiores arcuurn are retained as a group of 
petrohyoidei extending from skull to hyoid plate and serving to 
raise the hyoid apparatus and carry it forward. 

The hyoid arch primitively in fish is surrounded by a con- 
strictor belonging to the same series as the more posterior con- 
vStrictors. In Amphibia this constrictor is divided by the hyoid 
into a pair of dorsal muscles which develop as the depressor 
mandibulae or mouth-opening muscles, while the ventral portions 
of the same pair of muscles join in the midline to form a muscle 
which is more or less distinct in both urodeles and frogs. These 
constrictors of the hyoid are innervated by the facialis nerve, 
while the more posterior visceral muscles are supplied by the 
glossophary ngeus and I'ogus. The depressor mandibulae may arise 
entirely from the skull or have a second, more posterior part in 
many Salientia arising from the suprascapula. 

The constrictors of the jaws are innervated by the irigemmus 
and hence are readily distinguishable from the hyoid constrictors 
which may encroach upon their territory ventrally. The jaw 
constrictors were split early in the phylogeny of the vertebrates 
into three pairs of muscles, of which the adductor mandibulae is 
the most important. These adductors are divided into two or 
more parts in Amphibia (Lubosch, 1914). The temjjoralis inserts 
on the coronoid process of the lower jaw and extends back to a 
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point of origin on the first cervical vertebra of many urodeles 
(Dubecq, 1925) but mainly to the cranial roof in frogs. The 
pterygoideus extends from the pterygoid or side of the brain case 
and inserts on the lower jaw. In the Salientia two slips of the 
temporalis make separate attachment to the squamosal or quad- 
ratojugal and are called “masseters” in allusion to a possible 
homology with the masseters of mammals. The changes in 
shape and distribution of these adductor mandibulae muscles are 
closely correlated with the shape of the skull. 

The ventral segments of the constrictors of the jaws unite to 
form the submaxillary or superficial throat muscles of Amphibia. 
An anterior portion is differentiated in frogs to raise the men- 
to-Meckelian bones at the anterior angle of the lower jaw and is 
called the submentalis. The various natural groups of Amphibia 
often show differences in their visceral musculature (Driiner, 
1902, 1904; Smith, 1920; Edgeworth, 1923) of systematic value. 
The phylogenetic change in the hyoid and other bony structures of 
Amphibia is closely correlated with changes in their musculature. 

References 

Anthony R., and H. Vallois, 1914: Sur la signification des 6k*mcnts ven- 
traux de la ceinture scapulaire chez les batraciens, BibL Anat., XXIV, 
218-276. 

Detwiler, S., 1920 : Experiments on the transplantation of limbs in Amblys- 
toma; The formation of nerve plexuses and the function of limbs, Jour. 
Exp. ZooL, XXXI, 117— 169. 

Drunbr, L., 1902: Studien zur Anatomie der Zungcnbcin-Kiemenbogen 
und Kehlkopfmuskeln der Urodelen, I. Teil, Zool. Jahrb. Anat. Abl., 
XV, 435-622, pis. 25-31. 

, 1904: Studien zur Anatomie der Zungenbein-Kiemenbogen und 

Kehlkopfmuskeln der Urodelen, II Teil, Zool. Jahrb. Anat. Abt.^ 
XIX, 361-690, 12 pis. 

Dubecq, J., 1925: Constitution du muscle temporal chez les amphibiens 
uroddles: signification morphologique de ce muscle, Compl. rend. Soc. 
Biol., XCIH, 1523. 

Edgeworth, F. H., 1923: On the larval hyobranchial skeleton and mus- 
culature of Cryptobranchus, Menopoma and Ellipsoglossa, Jour. 
Anat., LVII, 97—105. 

Gaupp, E., 1896: “Ecker’s and Wiedersheim’s Anatomie des Frosches, 
Braunschweig. 

Lewis, Warren H., 1910: The relation of the myotomes to the ventro- 
lateral musculature and to the anterior limbs in Amblystoma, Anat. 
Rec., IV, 183-190. 

Lubosch, W., 1914: Vergleichende Anatomie der Kaumuskeln der Wir e- 
tiere, in funf Teilen, I Teil: Die Kaumuskeln der Amphibien, Jeria. 
Zeitschr., LlII, 51—188, 5 pis. 



THE MUSCULAR SYSTEM 


265 


Mangold, O., 1929: Das Determinationsproblem; II. Die paarigen Extremi- 
taten der Wirbeltiere in der Entwicklung, Erg. Biol., V, 290-404. 

Maurer, F., 1892: Der Aufbau und die Entwicklung der ventralen Runipf- 
muskulatur bei den urodelen Aniphibien und deren Beziehungen zu 
den gleichen Muskeln der Selachier und Teleostier, Morph. Jahrb., 
XVIII, 76-179. 

, 1895: Die ventrale Rumpfmuskulatur der anuren Amphibien, 

Morph. Jahrb., XXII, 225-263. 

, 1911: Die ventrale Rumpfmuskulatur von Menobranchus, Meno- 

poma und Amphiuma, verglichen mit den gleichen Muskeln anderer 
Urodelen, Jena. Zeitschr., XLVII, 1-40. 

Miner, Roy Waldo, 1925: The pectoral limb of Eryops and other primitive 
tetrapods, Bull. Amer. Mus. Nat. Hist., LI, 145-312. 

Noble, G. K., 1922: The phylogeny of the Salientia; I. The osteology and 
the thigh musculature; their bearing on classification and phylogeny. 
Bull. Amer. Mus. Nat. Hist., XLVI, 1-87, pis. 1-XXIII. 

, 1926: An analysis of the remarkable cases of distribution among 

the Amphibia, with descriptions of new genera, Amer. Mus. Novit., 
No. 212. 

Ribbing, L., 1907: Die distale Armmuskulatur der Amphibien, Reptilien 
und Silugetiere, Zool. Jahrb., XXIII, 587-683, 2 Taf. 

Homer, A. S., 1924: Pectoral limb musculature and shoulder-girdle structure 
in fish and tetrapods, Anat. Rec., XXVII, 119-143. 

Hylkoff, Helene (Woronesch), 1924: Die Entwicklung der Schulter- 


muskeln bei urodelen Amphibien, Zeitschr. irzA’s. Zool., C’XXII, 116-171. 
Smith, Louise, 1920: The hyobranchial apparatus of Spelerpes bislineatus, 
Jour. Morph., XXXIII, 527-583. 

Versluys, J. J., E. W. Ihle, and P. N. van Kampen, 1927; “ Vergleichende 
Anatomic der Wirbeltiere,” Berlin. 

Wilder, H. H., 1908: The limb muscles of Necturus, and their bearing upon 

the question of limb homology, {Amer. Soc. Zool.), Science, n.s., XXVII, 
493-494. 



CHAPTER XII 


THE UROGENITAL SYSTEM 

The excretory and reproductive systems, although originally 
separate as in most invertebrates, are so closely associated in 
vertebrates, including Amphibia, that they may be considered 
together. The waste products of metabolism must be removed 
from the tissues of the body if the animal is to live. They are 
swept from the tissues by the blood and especially by the lymph, 
then carried to those parts of the body where they may be 
discharged. Lungs and skin both throw off carbon dioxide and 
water as metabolic products. The skin may also dispose of some 
salts and possibly some urea. The latter, (NH 2 ) 2 CO, is a white, 
crystalline compound, soluble in water. It is a product of protein 
metabolism and is formed in most vertebrates in the liver by the 
conversion of nitrogen from protein combustion. From the 
liver the urea passes into the blood and is eventually eliminated 
chiefly by the kidneys. Foreign substances in the blood, both 
organic and inorganic, may also be removed by the kidneys. 
In birds and terrestrial reptiles nitrogen is excreted largely as 
uric acid, in a semi-solid form. This is apparently an adaptation 
toward economy of water and seems to have arisen under arid 
environmental conditions such as have been assumed to have 
confronted the early reptiles. Although the formation of urea 
is believed to be restricted to the liver, Gottschalk and Nonenn- 
bruch (1923) found that the urea content of liverless frogs 
remained the same as that of normal frogs after the injection of 
amino-acids. This has led Buddenbrock (1928) to suggest that 
the method of forming urea in the blood directly from ammonia 
may be the more primitive one, perhaps characteristic of all 

Anamnia. 

Urogenital Organs —The kidneys in vertebrates may have been 
primitively a pair of narrow elongate bodies extending the 
whole length of the body cavity, a condition which is approache 
among Amphibia by Ascaphus and the caecilians. These kidneys 
were formed by a series of segmentally arranged tubules resem- 
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bling roughly the sweat glands of mammals, and, like them, they 
are excretory organs. The anterior part of such a kidney rudi- 
ment theoretically, if not actually present, develops in most lower 
vertebrates into a functional organ, the pronephros, before the 
posterior section, the mesonephros, differentiates. The former 
is the typical kidney of the young larvae, and in forms such as 
Eleutherodactylus, which hatch from the capsules as metamor- 
phosed individuals, it shows a very early degeneration. In other 
Amphibia it functions up to the time of independent feeding or a 
little later. 

Both pronephros and mesonephros arise from the mesomere, 
a portion of the mesoderm lying between the myotomes and the 
non-segmented lateral plates of the embryo (Fig, 97). In uro- 
deles two or three or at most four segments (Megalobatrachus, 



Fig, 97. — DiaRram of the development of the pronephric canal. GL, Rlonieru- 
Iub; L.PL, lateral plate; P.C., pronephric canal; .Ue.s., mesomere; My., myotome, 
N.S., nephroHtome; N.T., neural tube. {After Felix.) 

Mibayashi, 1928) of this mesomere give rise to tubules, usually 
one to each segment. These collectively form the pronephros. 
The tubules open proximally into the body cavity in the form of 
nephrostornes, while distally their ends bend caudally and fuse 
to form a common pronephric duct. This grows posteriorly 
immediately under the ectoderm and finally fuses with the cloaca. 
In Salientia, as in most urodeles, only two or three tubules enter 
into the formation of the pronephros, while in caecilians the num- 
ber involved is from 10 to 13. In the wall of the body cavity of 
the larva, adjacent to the proximal openings or nephrostornes 
of the pronephric tubules, a series of branches from the dorsal 
aorta push out a fold of the p>eritoneum to form a sinus, the 
glomus, which serves as the arterial blood supply. In some 
forms, at least, these blood vessels are originally metamerically 
laid down as in the case of the tubules. The blood is carried 

away by the postcardinal veins which form a plexus about the 
tubules. 
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The mesonephric tubules arise in the same way as do those of 
the pronephros, but in growing distally they frequently fuse 
with the common pronephric duct. Their proximal ends form 
a series of nephrostomes or openings into the body cavity similar 
to those of the pronephros. Vessels from the dorsal aorta push 
in between the tubules to form a vascular pocket or glomerulus 
in the wall of each tubule instead of uniting to produce a plexus 
within the body cavity as in the case of the pronephros. The 
mesonephric tubules arise in a strictly metameric order in cae- 
cilians, Amphiuma, and some others, but in most Salientia and 
urodeles secondary tubules early develop and obscure this 
arrangement. In urodeles the secondary tubules are derived by 
budding from the primary ones after they have attained a func- 
tional state. In some Salientia such as Rana temporaria the 
whole process of differentiation is apparently speeded up, for the 
secondary tubules arise independently from the blastema (Gray, 
1930). The collecting tubules which form outlets for the second- 
ary tubules arise as short, straight ducts with only abortive 
enlargements at their proximal ends as evidence of their phylo- 
genetic origin from primary tubules. The mass of mesonephric 
tubules forms an elongate organ on the dorsal surface of the 
body cavity. In Rana this kidney may include over 5,000 
glomeruli (Hayman, 1928), although 2,000 is the average. In 
perennibranchs and derotremes the mesonephric kidneys project 
into the body cavity and are surrounded on both sides by 
peritoneum. 

Each tubule (Fig. 98) in the mature kidney, or mesonephros, 
of both urodeles and frogs exhibits typically certain structurally 
different parts which may be homologized with similar parts of 
the tubules of the mammalian kidney, a metanephros. The 
nephrostomes on the ventral surface of the kidney open into a 
short ciliated neck which connects with a similarly ciliated tubule 
extending to an enlarged chamber, the glomerular capsule. 
One part of this chamber is invaginated by a rete of arterioles, 
the glomerulus, which with its capsule is called a “renal cor- 
puscle.” The first segment of the tubule which arises from the 
capsule is ciliated as stated above. IDistal to this first segment, 
the tubule widens out into a long convoluted part lined wit 
cells having a glandular appearance. This is the proxima 
convoluted portion of the tubule. It runs dorsally in most 
Amphibia, usually to the upper portion of the kidney where it 
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joins a second ciliated part. This part is sometimes designated 
as the narrow segment of the tubule, although it may be as wide 
as all the other segments except the proximal ciliated one. It 
corresponds in position to Henle’s loop of the mammalian kidney, 
and although it may extend ventrally again it has neither the 
great length nor the characteristic form of this important part 
of the metanephric tubule of the mammalian kidney. There 
follows on this segment the fourth or distal convoluted portion 
of the tubule. It is joined by a short junctional segment with 


Tb. J. P. 



Fiq. 98. — DiaKrammatic section of the kidney of Nccturus maculosus to show 
the form of a typical tubule and its relation to the blood supply. A.D., dorsal 
aorta; A.U., renal artery; Cap., capillary: C.N., ciliated neck; Ms., mesentery; 
Neph., nephrostome; R.C., renal (MalpiRhian) corpuscle; R.V.. renal portal 
vein; Tb.Ex., outer tubule; Tb.J.P., junctional part of renal tubule; Tb.N.P., 
narrow part of renal tubule; Tb.Src.P.. proximal convoluted part of renal 
tubule (secretory part in pelvic kidney); Tb.Str.P., distal convoluted part of 
renal tubule Cstriated part in pelvic kidney); V.A., afferent renal vein; V.E., 
efferent renal vein; V.P., vena cava posterior; U’.Z)., Wolfiian duct. (After 
Chase.) 


a connecting tubule which in some frogs extends transversely 
across the kidney to make an outlet to the Wolffian duct. These 
five parts of the tubule may be seen in Fig. 98. 

Many tubules of both urodele and frog kidney lack a neph- 
rostome and hence have given up all direct connection with the 
coelom. In higher vertebrates, those with a metanephric 
kidney, nephrostomes are given up entirely. One modification 
of the nephrostome is found only in the Salientia. In many, 
but not all, of these the nephrostomal segment of the tubule 
joins with nephric veins (Sweet, 1908). Originally the nephro- 
stomes discharged into the tubules waste fluids secreted through 
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the walls of the peritoneum, but within the Amphibia apparently 
with the increasing use of the peritoneal cavity as a lymphatic 
chamber these same nephrostomes became conduits for circula- 
tory fluids. This offers a good example of structures assuming 
totally new functions during phylogeny without changing to 
any great extent their original character. It may be further 
noted that in Rana temporaria, at least (Gray, 1930), the nephros- 
tomal funnels arise independently of the tubules, and hence the 
frog shows in its development no evidence of the ancient use of 
these structures as essential parts of the excretory system. 

Function of the Kidney. — The structural differences between 
the kidney tubules of amphibians and those of mammals are 
closely correlated with important functional differences. The 
mammalian urine is always hypertonic to the blood, possesses 
a higher percentage of solids and accordingly a higher osmotic 
pressure. On the other hand, amphibian urine is usually hypo- 
tonic to the blood or at least never exceeds it in concentration. 
This difference is apparently correlated with the absence of a 
typical Henle^s loop in the amphibian tubules. Through the 
thin membrane covering each glomerulus, there apparently 
filters out into the glomerular capsule a fluid which is essentially 
blood plasma devoid of its proteins and lipins (Walker, 1930), 
The tubules show a selective function in reabsorbing useful 
substances especially sodium chloride and glucose and in trans- 
mitting them back to the blood stream (Liang, 1929). Dyes have 
been frequently injected into the vascular system of frogs with a 
view to demonstrating the part of the tubule which eliminates 
such foreign substances. It appears that the glomerulus may 
eliminate certain dyes and the tubule others (Kuki, 1929). 
Bensley and Steen (1928) found by the use of dyes that the distal 
convoluted segment of the frog^s renal tubule had resorptive 
functions, while the proximal section, although taking up the 
dye from the blood, excreted it into the tubule lumen in a more 
dilute solution. According to these authors, this process of 
secretion is present even when there is no circulation in the 
renal corpuscles. Bieter and Hirschfelder (1929), on the other 
hand, have stressed the rapidity with which dye may be elimi- 
nated by the glomeruli as contrasted with the slower elimination 
by the tubule. In brief, the tubule plays a most important role 
in reabsorption, while the glomerulus, with its thin cover of 
cells, may be looked upon as a mechanism for flushing the tubule. 
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In salt-water fish and reptiles which must conserve their water, 
the glomerulus may be poorly developed or even, as in some of 
the former, absent entirely. 

In spite of the dilute character of frogs' urine, certain of its 
constituents are very much more concentrated than in either 
blood or capsular fluid. This has been shown to be the case for 
urea (Przylecki, 1922), w'here the concentration may be as great 
as seventy-four times (Crane, 1927). In comparison with 
mammalian urine, however, phosphates are far less efficiently 
concentrated in the amphibian kidney, and chlorides and 
bicarbonates not at all (Crane, 1927). Crane suggests that the 
concentration of urea is probably due to a selective secretory 
function of the tubules, and this author points out that this may 
be a primitive mechanism which is lost higher in the evolutionary 
scale. Throughout the vertebrate series the glomerulus remains 
as the primary outlet for water. 

Frogs and toads excrete proportionately much more urine per 
day at ordinary temperature than man. While man excretes 
about one-fiftieth of his weight per day, the frog excretes about 
one-third (Adolph, 1927). Like most essential processes in 
Amphibia, the rate of excretion is dependent on environmental 
temperature. During the winter, kidney function is almost 
entirely suspended. This is apparently not due, however, 
to the slowing down uniformly of all the processes of excretion. 
Oliver and Kshref (1929) have shown that there is an increase in 
resorptive functions of the tubules during the winter months. 
In Rana 'pi'piens an increase in temperature of 10°C. increases the 
rate of water passage through the skin 2.3 times (Adolph, 1930). 
At any one temperature the water is absorbed through the skin 
at a rather constant rate (Adolph, 1927) and does not vary with 
the area of skin exposed. The water is excreted by the kidneys 
at the same rate and hence the concentration of body fluids 
does not change essentially. The frog thus regulates its fluid 
content at the point of output and not at the point of intake. 
The blood pressure has an important control over the amount of 
urine eliminated, since the blood plasma apparently passes 
through the glomeruli by filtration, not by secretion. In 
salamanders the destruction of one kidney, either mesonephros 
or pronephros (Howland, 1920), results in a compensatory 
hypertrophy of the kidney of the opposite side. It would seem 
that in this case the amount of water absorbed remained the 
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same as before the operation and that the one remaining kidney 
grew to do the work of two. 

In brief, the work of the kidney is not purely excretory, that is, 
the elimination of waste products of metabolism. The kidney 
has regulatory functions as well. By allowing the passage of 
certain substances to the exterior, and in the retention of others, 
the kidney is of the greatest importance in maintaining the 
characteristic constancy in composition of the body fluids. 
Amphibia are continually absorbing water through their skin, 
and, further, they take less sodium chloride in their food than 
mammals. Hence, the materials eliminated are different in the 
two groups. In mammals water is saved and the salts excreted, 
while in Amphibia the reverse maintains to a large degree. 
Further, with the less efficient regulatory mechanism of the 
amphibian kidney, the bladder (to be discussed below) functions 
not merely as a receptacle for urine. Since the bladder is 
permeable to water, there is an absorption by the tissues of water 
from the bladder under conditions of dehydration until the 
osmotic equilibrium with the blood is again attained (Steen, 
1929 ). 

One modification of the amphibian kidney requires further 
mention, for it has apparently considerable phylogenetic signifi- 
cance. The mesonephric tubules of caecilians exhibit a type of 
modification not found in other Amphibia but one which was 
taken up and elaborated by the more advanced vertebrates. 
While in some Salientia and Caudata the collecting ducts of the 
mesonephros are primary tubules which usually extend to 
the common pronephric duct to gain exit to the outside, in the 
caecilians the posterior part of this duct sends out branches to 
the tubules of the kidney before they grow out. In higher 
vertebrates these ureters are reduced in number until in some 
mammals only a single one is formed. Caecilians thus show the 
first step in the origin of the true ureter of higher vertebrates. 

Reproductive System. — The ducts of the kidneys are modified 
in Amphibia chiefly in correlation with the different methods 
of transferring the sexual products to the outside. The common 
pronephric duct splits in sharks to give rise to the Mullerian duct 
or tube for the passage of eggs to the cloaca, while the remainder, 
now called the Wolffian duct,” retains its original function 
of a discharge canal for the mesonephros. The Mullerian duct 
arises partly from the pronephric duct in Ambystoma but in 
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frogs and toads has a wholly independent origin from a fusion 
and back\vard growth of two or more evaginations, which 
although appearing later than the pronephric tubules seem to bo 
homologous with them. Hall (1904) has suggested that these 
evaginations, which lie ventral to the pronephric nephrostomes, 
originally possessed a secretory function w'hich was given up 
when they became specialized to subserve a sexual function. 
The Mullerian duct develops in both sexes of most Amphibia 
but grows to a functional condition only under the influence 
of the ovary (Christensen, 1929). The Mullerian ducts usually 
open separately into the cloaca in most Amphibia, but in Bufo 
and Alytes they may unite just anteriorly to the cloaca, while in 
Nectophrynoides the chamber resulting from the fusion produces 
a bicornuate uterus in which the young develop. 

The spermatozoa gain exit to the outside by way of the Wolffian 
duct. A series of genital cords which grow out from the tissues 
of the kidney to the developing testis form, at a later stage, a 
series of fine ducts to serve as a passagew'ay from the testis to 
the mesonephros. The net is usually arranged in the form of a 
series of from four to nine transverse cords, the vasa efferentia, 
and two longitudinal ones. The first of the longitudinal cords 
forms the central canal extending through the length of the testis 
and receiving spermatozoa either from the spermatic ampullae 
or from branches extending to the same. The second longi- 
tudinal duct is situated close to the median border of the meso- 
nephros and crosses the vasa efferentia. In some plethodontids 
this longitudinal duct is absent and the vasa efferentia run directly 
to the renal corpuscles of their apparent origin. In Ascaphus 
three or more branches of the vasa efferentia of one side are 
connected with the longitudinal canal of the opposite kidney, 
and India ink injected into the Wolffian duct of one kidney will 
fill the vasa efferentia and kidney tubules of the opposite side. 
The kidney shown in Fig. 99 has been injected in this way. It is 
interesting that the only other amphibian known to show a fusion 
of parts of the testicular nets of the two sides is the primitive 
salamander, Hynohius lichenatus, as described by Yamagiva 
(1924). 

Primitively in both frogs and urodeles the spermatozoa were 
passed by a series of vasa efferentia into renal corpuscles of the 
mesonephros from which they made their way into the Wolffian 
duct and cloaca. In some of the most primitive of living urodeles 
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the mesonephric tubules fail to reach the Wolffian duct but 
extend posteriorly to empty independently into the cloaca. 
Yamagiva (1924) has shown this to be the condition in both 
sexes of Megalobatrachus and in the male Hynobius. In the 



Fig. 99. — The vasa efferentia of Ascaphus. The Wolffian duct of the right 
kidney has been injected with ink. Transverse ducts connect the vasa effer- 
entia of the one side with a longitudinal canal of the opposite kidney. Hence 
ink injected into the right Wolffian duct makes its way into the vasa efj^rentia 
of the opposite kidney. W.D., Wolffian duct; M.D., Mullerian duct; V,E.y vasa 
efferentia; L,C., longitudinal canal; T, right testis; F.B., fat body. 


female a few of the tubules empty into the Wolffian duct, while 
others open into the cloaca. It is remarkable that in the closely 
related Onychodactylus some of the tubules of the male fuse to 
form a common duct opening into the cloaca, while others join 
the Wolffian duct. Onychodactylus has been derived from Hyno- 
bius and yet it shows a theoretically more primitive condition 
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of these ducts. Such facts when considered in their phylogenetic 
perspective show that evolution has not always proceeded in a 
progressive manner. Possibly the more primitive condition of 
the mesonephric ducts of Onychodactylus may be explained as 
the retention of a juvenile character which is passed over in the 
ontogeny of Hynobius. 

The testes of Amphibia are shorter than the kidneys and the 
vasa efferentia empty into only a limited number of the glomeru- 
lar capsules. Such capsules are usually reduced in size, and their 
renal corpuscles as well as their nephrostomes are lost. The 
cells in the proximal convoluted portion of the tubules leading 
from these capsules become ciliated in some forms such as 
Necturus (Chase, 1923), while the distal convoluted portion of 
the same tubules becomes very wide. In some Salientia the vasa 
efferentia appear to empty directly into the transverse collecting 
tubules, apparently because the glomerular capsules have been 
lost and the nephric tubules shortened. Radical differences in 
the modification of these ducts may exist between closely related 
species, as, for example, between the two European frogs Rana 
esculenia and R. fusca. Radical changes in the mesonephric 
tubules transversed by spermatozoa do not lead in some 
Amphibia, such as Necturus, to any alteration in the form of the 
kidney, but in most urodeles the anterior part of the mesonephros 
is narrowed as if to facilitate a short passage across the kidney 
for the male sex products. 

Both frogs and urodeles show a tendency to reduce the posterior 
part of the testicular net. In Necturus and Proteus, only the two 
anterior vasa efferentia are functional, while Chase (1923) records 
one specimen of the former in which only the most anterior 
transverse duct of the testicular net was utilized. The disco- 
glossid toads, although primitive, show an extreme stage in this 
restriction of function to the anterior vasa efferentia. In the 
adult male Discoglossus and Alytes the first and second vasa 
efferentia, which alone are functional, reach the Wolffian duct 
by crossing entirely anterior to the kidney. Probably a portion 
of this duct includes one or more modified mesonephric tubules 
which have completely freed themselves from the rest of the 
kidney. The collecting tubules of the mesonephros of these 
genera form a common duct which resembles a ureter of higher 
vertebrates in serving as a duct for the kidney secretions alone, 
but it differs from a true ureter in not having arisen from the 
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Wolffian duct. In the dipnoans it is the posterior part of the 
testicular net which is modified to make a short circuit to 
the Wolffian duct. Rudiments of the testicular net appear in the 
females of some Amphibia, but like the Mullerian ducts in the 
male they never attain a functional state. In some Salientia, 
such as Rana sylvatica and Alytes, the caudal portion of the 
Wolffian duct of the male is enlarged to form a saccular reservoir 
for the spermatozoa, the vesicula seminalis. This would seem to 
permit the use of a large amount of sperm in a short time by 
these species. 

Urinary Bladder, — The renal ducts of Amphibia are not 
enlarged to form reservoirs for the urine as in some fish. On the 
other hand, an evagination of the ventral wall of the cloaca 
immediately adjacent to the openings of the Wolffian duct 
extends forward into the abdominal cavity and functions as a 
urinary bladder. This bladder may be cylindrical as in Proteus 
or Amphiuma, bicornuate as in salamandrids and various frogs, 
or nearly two-lobed as in certain discoglossids (Field, 1894). 
It reaches its largest size in the aquatic Amphiuma and in some 
terrestrial species such as Hydromantes and Bufo. In the latter 
it would seem to function, as stated above, as a reserve supply 
of water to delay desiccation. The bladder is held in place by 
sheets of peritoneum. It is well provided with smooth muscle 
and is closed by a sphincter which is frequently released by frogs 
and toads when roughly handled. The release of the fluid from 
the bladder lightens the animal and facilitates its escape. 

Sex and Its Modification. — In the above description of the 
urogenital organs various similarities between the two sexes were 
noted at certain stages of development. The earlier the stage 
selected the more difficult it becomes to distinguish between the 
sexes. In fact, for a considerable period the gonads and associ- 
ated structures of the two sexes are identical except for assumed 
differences in the chromatin material which are often not demon- 
strable cytologically. Sex is, nevertheless, determined very 
early. During the maturation of the germ cells, sex differences 
may be seen in the chromosomes of the developing sex products 
(Fig. 8) . Two kinds of germ cells occur in the male of some species 
of Rana, one male-determining, the other female-determining, 
but in the toad only one kind has been demonstrated (Brambell, 
1930). Iriki (1930) was unable to distinguish a heteromorphic 
sex chromosome in Hyla arborea japonica and concluded that the 
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male tree frog was homozygous in respect to sex. Whether there 
are two kinds of sperm cells in the male or two kinds of eggs in 
the female, sex is, nevertheless, determined at the time of fer- 
tilization by genetic factors carried by the chromosomes of the 
uniting germ cells. Once the sex has been established, environ- 
mental factors may intervene to reverse the result completely 
and permit the opposite sex to come to full development. 

The germ cells when first distinguishable are found in the 
entoderm of Salientia and some urodeles (Bounoure, 1925) but 
in the mesoderm of other urodeles (Humphrey, 1929). In Rana 
sylvatica at the time of hatching they form a median ridge above 
the mesentery. Witschi (1929) has traced the history of these 
cells. At the time the external gills are being reduced the ridge 
divides into two rows of germ cells, the future gonads, A series 
of cells migrate from the blastema of the mesonephros and enter 
the gonads. These are the rete cords which come to occupy a 
central position in the undifferentiated gonad while the germ 
cells form the cortex. Sex is first distinguishable when the germ 
cells migrate from their more peripheral position and become 
surrounded by rete cells which are to form the seminiferous 
tubules of the male. In the female the germ cells transform 
into ovocytes and eggs without losing their position in the cortex. 
At about the time of metamorphosis some rete cells in the male 
form the vasa efTerentia connecting the seminiferous tubules 
with the mesonephros, while in the female they are transformed 
into the ovarian sacs without extending to the kidney. Witschi 
concluded from this and earlier studies that the rete cords in 
the center of the gonad contain the male differentiating system. 
If it becomes active it causes the germ cells to migrate from the 
cortex into the medulla of the gonad and to transform into 
spermatogonia. If it is not active, other substances in the cortex 
and presumably in the follicle cells transform the germ cells 
into ovogonia. Witschi (1929) subjected Wood Frog tadpoles 
to high temperatures and produced either males or females trans- 
forming into males, but he obtained no typical females. In 
this case heat had apparently destroyed or inhibited the female 
determining substance in the cortex, releasing a compensatory 
growth of the medulla and its subsequent differentiation into 
rete and seminiferous tubules. Piquet (1930) has confirmed 
Witschi and has shown that high temperatures would tend to 
change genetic females into males. In both Rana temporaria 
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and Bufo vulgaris a temperature of 25° produces a very high 
excess of males. A temperature of 20° is neutral in the toad but 
has a slight mascuhnizing effect in the frog. 

In the toad the reversal of sex has apparently been accom- 
plished but under different conditions. In the tadpole of Bufo, 
the anterior portion of each gonad becomes enlarged and in the 
adult, forms the Bidder's organ, a structure which has been 
frequently compared to a rudimentary ovary. Harms (1926; 
and Ponse (1926) found that removing the testes caused the 



Fio. 100. — Sex reversal in a toad. Three and a half months after removing 
the testes of the adult toad, part of the Bidder’s organ has developed into an 
ovary. B., urinary bladder; F.B., fat body; Liv., liver; Ov., rudimentary ovary. 
{After Harms.) 

Bidder’s organ to develop into a functional ovary (Fig. 100) 
If Bufo is assumed to be hermaphroditic, this would not be a 
case of sex reversal but merely a growth of the ovary after the 
inhibitory effect of the testes was removed (Ponse, 1927). The 
cells of Bidder's organ, however, have the appearance of indiffer- 
ent germ cells which, although potential sperm, are transformed 
into ova by the conditions of the experiment. 

Sex reversal has also been accomplished in salamanders in a 
more decisive manner. Burns (1925) joined pairs of Ambystoma 
together at an early stage before sex differences in the gonads were 
visible. When the salamanders developed, the sex of the mem- 
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bers of each pair was always the same. As it was very unlikely 
this could have come about through the chance selection of 
individuals of the same sex, a sex reversal would seem to have 
occurred in some instances. Humphrey (1929a) implanted the 
preprimordium of the gonad of one sex into the embryo of 
another after removing the corresponding gonad preprimordium 
from the latter and found that it usually differentiated according 
to the sex determination of the donor. Later a modification or 
sex reversal of the graft or host gonad may be effected. When an 
ovary or testis of similar size and species developed together in 
an animal it was always the ovary which suffered modification. 
A hormone from the testis apparently exerted an inhibitory 
influence on the growth of the ovarian cortex very similar to the 



Fio. 101. — The urogeriitul systems of four adult frogs. Raiia temporaria, 
representing stages in the transformation of females into males. K., kidney; 
M.D., Mullerian duct; Ov., ovary; jS.V., seminal vesicle; T., testis; W.D., Wolf- 
fian duct. {Afttr Witscki.) 

action of heat in the case of the Wood Frog, and further changes 
in the male direction were a result of the cessation of cortical 
activity. If the gonad developed from a male donor was small 
in size or retarded in development, it was not able to dominate 
the ovary, but on the other hand, it underwent a partial sex rever- 
sal. It would thus seem that there are both male and female 
determining substances in the developing gonads. Amphibia 
pass through an indifferent and apparently later a bisexual state 
before genetic factors give the ascendency to the tissues which 
shape the germ cells into either ova or sperm. Up to a certain 
stage various environmental factors can reverse this dominance, 
and gonads of the opposite sex will develop. This shift of 
balance is not, however, transmitted to the next generation. 
Female frogs which have changed into males (Fig. 101), when 
mated with normal females produce only female offspring (Crew, 



280 


THE BIOLOGY OF THE AMPHIBIA 


1921), The genetic constitution of the germinal material is not 
changed, although its expression in any one generation may be 
modified. 

Segmentation of the Gonads.^ — The gonads of frogs shortly 
after the penetration of the rete cords exhibit a certain lobulation 
which has been considered evidence of a primitive metamerism 
perhaps harking back to the first vertebrates which presumably 
had metamerically divided body cavity and gonads. The 
suggestion is rendered the more probable in that the testes of 
caecilians are divided into a series of segments connected by the 
central longitudinal canal. Other elongate-bodied Amphibia, 
such as Siren and Amphiuma, have the testis undivided and hence 
the segmentation is not merely a consequence of body form. 
Many plethodontids and salamandrids have the testis divided 
into several well marked lobes which have been described as 
multiple testes. Humphrey (1922) has shown that each lobe 
represents a center of active spermatogenesis, the region between 
lobes merely an area which has produced spermatozoa and has 
delayed in the formation of a new spermatogenetic cycle. The 
lobes thus represent waves of spermatogenesis which move 
forward from year to year. There may be considerable irregu- 
larity in the formation of the lobes. The testes of frogs some- 
times exhibit a certain gonomery during their ontogeny. This 
has no relation to the lobulation of the urodele testis but may be 
reminiscent of the caecilian condition. The lobulation in uro- 
deles apparently has no phylogenetic significance, but it is inter- 
esting that only two closely related families of salamanders 
should have developed this type of testicular modification. 

Fat Bodies. — The gonads of Amphibia have certain nutriment 
requirements which are often violated under laboratory con- 
ditions. Inanition prevents sexual differentiation in immature 
animals and causes degeneration of the mature germ cells in the 
adult. Amphibia are provided with conspicuous paired fat 
bodies as a reserve supply of nutriment for the gonads. The 
' fat bodies in urodeles are usually in the form of a pair of bands 
enveloped in folds of peritoneum and lying parallel to the kid- 
neys between them and the gonad. In the Salientia the fat 
i bodies are fingerlike structures situated at the anterior end of 
the gonad. In the caecilians they are more extensive than in 
other Amphibia and form a series of lobes parallel to the genital 
organs. In both frogs and toads the fat bodies are known to 
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arise from the anterior part of the developing gonad, although 
this has been denied by some investigators (Kennel, 1913). 
They reach their maximum size in the fall before hibernation 
and their minimum size after egg laying. Partial castration 
causes the fat bodies to hypertrophy (Dubois, 1927). Removal 
of the fat bodies causes a degeneration of the sexual products, 
the most advanced stages degenerating first (Adams and Rae, 
1929). The fat bodies are therefore necessary for maintaining 
the health and normal development of the gonads. 

Ovulation. — The eggs lie in the cortex of the ovary and each 
egg during the growth period is surrounded by a layer of follicle 
cells which is enclosed by a vascular network. A thin vitelline 
membrane covers the surface 
of the mature egg. This 
membrane is duplex, an outer 
portion, the zona pellucida, 
having been produced by the 
follicle cells (Fig. 102) and an 
inner portion, the zona radi- 
ata, by the egg itself. The 
eggs project into the lumen 
of the ovary, and the outer 
surface of the latter is covered 
with peritoneum. 

During the breeding season 
each egg breaks through the 
wall of the ovary at the point 
where its stalk joins the ovarian epithelium. A small hole ap- 
pears in the peritoneum and the egg in squeezing through this 
aperture may be forced into an hourglass shape (Smith, 1916). 
The egg when free in the peritoneal cavity is said to be carried 
to the open mouths of the Mullerian ducts by ciliary action. 
Smith (1916) finds few cilia present in either Rana pipiens or 
Cryptobranchus, however, and it seems possible that eggs are 
forced into the oviducts partly by suction; the mouths of the 
oviducts being attached to the pericardium would gape open at 
each heart beat. The movements of the female would also tend 
to squeeze the eggs through the outlet. FertiUzation in some 
salamanders takes place near the mouth of the oviduct, the egg 
having thrown off the polar bodies while within the ovary or 
peritoneal cavity. Weber (1922) suggests that the fertilization 



Fig. 102. — A developing ovocyte of 
Cryptobranchus. A section through the 
ovarian wall of a 26 cm. specimen. C.W., 
cyst wall; E.P., inner epithelial membrane 
of the ovarian wall; FoL, follicle cell; N., 
nucleolus; V., vitelline body. {After Smith.) 
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of the eggs of Salamandra aira may occur in the peritoneal cavity 
and that the death of the eggs which reach the oviduct last may 
be due to excessive polyspermy, for as many as 200 spermatozoa 
may be found in a single egg destined to degenerate. 

The eggs are propelled through the oviducts by the action of 
cilia. The oviducts are lined with either mucus-producing cells 
as in the newt or with tube-shaped glands as in Rana. The 
cilia usually lie on the summits of ridges which run more or less 
the length of the oviduct. As the eggs progress they become 
covered with mucus or similar gelatinous material. In most 
Amphibia the distribution of the glands or mucous cells is not 
uniform throughout the oviduct, and, as shown by Lebrun (18P1), 
the anterior, middle, and posterior regions of the oviduct may 
differ considerably in muscular, glandular, and ciliary equipment. 
Further, the glandular tubules in the anterior part of the oviduct 
may differ in length or character from those in the posterior part. 
This structural differentiation of the oviduct is reflected in the 
egg capsules which may be as many as three well-defined ones, 
aside from the vitelline membrane. Where the eggs pass 
continuously through the oviduct as in Bufo, the outer capsule 
may be a string of uniform width; if the eggs are held in the 
posterior part of the oviduct and finally ejected rapidly, the spawn 
may form a clump surrounded by a single saclike capsule. It is 
remarkable that such apparently trivial differences are frequently 
uniform throughout natural groups of species and may be used 
as a ready means of identification. The egg sacs of the Hyno- 
biidae, for example, cannot be confused with those of other 
salamanders. 

There is some evidence that mucus may be secreted without the 
direct contact of the egg (Wetzel, 1908). Frogs have been found 
with egg capsules but no eggs in one of the oviducts (Voss, 1927). 
Further, some species, such as the tree frog, Phyllomedusa, 
normally lay empty egg capsules which may be used in the 
construction of its “nest.” Frogs that build “foam nests” 
may produce gelatinous nest material before the eggs are laid, 
and Ldmnodynastes tasmaniensis has been described as building 
one foam nest entirely without eggs (Klingelhoffer 1930). 

The gelatinous capsules of the eggs swell enormously when 
brought in contact with water, and frogs which have been 
prevented from laying have been described as bursting from the 
rapid imbibition of water by the uterine eggs (Nussbaum, 1908). 



THE UROGENITAL SYSTEM 


283 


Fertilization. — Fertilization is external in most frogs; only 
I two genera are known to impregnate the eggs within the oviducts. 
On the other hand, all salamanders except the primitive Hyno- 
biidae and Cryptobranchidae (apparently the Sirenidae as well) 
produce spermatophores, which are usually picked up by the 
female, although they may be transmitted directly into her 
cloaca. It is interesting to trace the evolution of the sperm- 
receiving mechanisms of the female, for it follows closely the 
phylogenetic order. In Ascaphus, one of the most primitive 
frogs, the cloaca is extended into a highly vascular tube which 
may be bent forward by the contraction of the rectus abdominis. 
The tip of this copulatory organ is inserted into the cloaca of 
the female during amplexus, and the oviducts become well 
provided with spermatozoa which make their way between the 
mucous folds, there being no special organ for receiving them. 
I The Gymnophiona also practice internal fertilization and for 
' this purpose are provided with a muscular extension of the 
cloaca which, as in the case of the “taiF’ of Ascaphus,] may 
bear horny spines, these being visible only when the organ is fully 
everted. (Fig. 154C). Unlike Ascaphus, the male caecilians 
withdraw their cloacal extensions entirely within the vent when 
not in use, a special retractor muscle making this possible. 
Caecilians agree with Ascaphus and differ from urodeles in lack- 
ing a spcrmatheca or sac in the female cloaca for reception of the 
sperm. \ 

Structure of the Cloaca. — The spermatophore of the sala- 
manders is produced by the combined action of two sets of glands : 
the pelvic gland lying in the roof and sometimes in the upper 
portion of the cloaca of the male, and the cloacal glands which 
cover the walls of the cloaca and are most conspicuous on the sides 
where they form rows of papillae or in some species villosities. 
In the posterior corner of the cloaca there empties a third set of 
glands, the abdominal, which receive their name from the fact 
that in some species of salamandrids they extend forward over 
the roof of the cloaca into the abdominal cavity. The abdominal 
glands may empty outside of the cloaca on small papillae as in 
some newts (Heidenhain, 1892), or on a low papilla on either 
side of the posterior corner of the cloaca as in Plethodon cinereus. 
Since these glands may or may not empty within the cloacal 
lips they seem to play no part in spermatophore formation but 
apparently serve to stimulate the female during courtship. 
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In the cloaca of the female salamander all three sets of glands 


may appear, although here they have different functions. The 


V 




pelvic gland serves as a res- 
ervoir for the spermatozoa 
which migrate from the dis- 
integrating spermatopbore 
held between the lips of the 
cloaca to these tubules in the 
roof of the cloaca (Noble and 
Weber, 1929). The cloacal 
glands which are present in all 
ambystomids, salamandrids, 
and primitive plethodontids, 
may play some part in egg- 
capsule formation. The ab- 
dominal glands are also de- 
veloped in female newts. 
They are present in Amby- 
stoma,Necturus, and Eurycea, 
although apparently rudimen- 



Fio. 103. — Diagrammatic sagittal sec- 
tion of the cloacas of three salamanders 
to show the evolution of the spermatheca. 
Anterior end on the left. (^Based on data 
from Kingsbury and from Dieckmann.) 
A. Necturus. Spermatheca tubules nu- 
merous and opening on the roof of the 
cloaca. B. Ambystoma. Tubules less 
numerous and opening into a common 
duct. C. Desmognathus. Showing fur- 
ther reduction and modification of the 
tubules, also loss of dorsal and ventral 
glands. C.T., common tube of spermathe- 
ca; D.GL, dorsal gland; Sp., spermatheca; 
V.GL, ventral gland. 


tary and non-functional. 
Their homologies with the 
male glands have been estab- 
lished by transplanting a testis 

into the body of the female. 
The spermatheca in the newt 
then changes into the pelvic 
gland, the rudimentary ab- 
dominal glands into a func- 
tional organ (Beaumont, 
1928). It is interesting that 

in Desmognathus, where 
neither abdominal nor cloacal 
glands are present even as 
rudiments in- the female, the 
same operation causes these 
two glands to sprout de novo 
from the undifferentiated epi- 


thelium of the cloaca of the adult female (Noble and Pope, 1929). 
Thus, even in the higher plethodontids the abdominal and cloaca 
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glands are potentially present although unrepresented by visible 
rudiments. 

Evolution of the Spermatheca. — The spermatheca, or modified 
pelvic gland of the female, undergoes a progressive change during 
phylogeny. In the salamandrids and Necturus, it is represented 
by numerous tubules which empty like the pelvic gland of the 
male on the roof of the cloaca. In the ambystomid Rhyacotriton, 
the area on which some of these tubules empty is evaginated from 
the roof of the cloaca as a shallow pocket. In the Plethodontidae 
this pocket has become a duct into which a number of tubules 
empty. Each of the latter ends blindly in a saccular enlarge- 
ment, in which the spermatozoa come to rest. The more 
specialized and terrestrial plethodontids exhibit a reduction in 
number of the spermathecal tubules emptying into the common 
duct (Fig. 103). The only exception to this progressive change 
in cloacal apparatus within the Plethodontidae is found in the 
Four-toed Salamander, Hemidactylium. This species fails to 
develop a central tube and moreover retains a rudiment of the 
abdominal gland of the female. Nevertheless, its tubules are 
only 3 or 4 (Dieckmann, 1927) instead of 15 to 25 as in primitive 
plethodontids, and it lacks the cloacal gland rudiment which is 
present in the female of Gyrinophilus and Eurycea. Hence the 
cloaca of Hemidactylium may be considered a further specializa- 
tion rather than a retention of a primitive type. 

In the evolution of the common tube out of a diverticulum of 
the roof of the cloaca, not all of the pelvic gland tubules were 
involved. Transplanting a testis into the adult female Des- 
mognathus causes some pelvic gland tubules to sprout de novo 
from the epithelium of the roof of the cloaca. It is interesting 
that the abdominal and cloacal glands which are closely con- 
trolled by the testicular hormones in Desmognathus should appear 
in both sexes in more primitive salamanders. This subject will 
be considered further in the discussion of the endocrine organs. 

Identification of Sex. — The different glandular equipment of 
the cloacas of the two sexes of most salamanders permits their 
ready identification without dissection. The papillae within the 
cloacal lips of the male are replaced by smooth folds in the female 
(Fig. 104). The abdominal gland or its papillae are often visible 
in the male. The spermatheca is usually heavily pigmented 
even in the cave salamander, Typhlomolge. Hence a salamander 
with smooth or folded cloacal walls without papillae but with a 
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dark pigment spot in the roof of the cloaca is a female. Some 
female plethodontids, especially Plethodon, have a small papilla 





Fio. 104. — The cloaca! orifice of a male (A) and a female (B) salamander, 
Desmognathus fuscus, showing the villosities which serve to distinguish the mal^ 
of most species of salamanders from the opposite sex. A.G.t abdominal gland » 
C.R., cloacal roof, region of pelvic gland; V., villosities of the cloacal glands. 

which projects from the roof of the cloaca, obscuring the view of 
the spermatheca. Males are identifiable not only by their papil- 
lose cloacas but by their secondary sexual characters. There 
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are sexual differences also in the cloacas of the hynobiids and 
cryptobranchids which have a simpler glandular equipment 
than the salamanders producing spcrmatophores. The pelvic 
gland has been compared with the prostate of mammals. Its 
secretion, which may be readily observed in the living animal, is 
white, and serves to hold the spermatozoa together in a clump 
on the top of a gelatinous base produced by the cloacal glands. 
From its position the pelvic gland may be homologous to the 
prostate, although it has different functions. The enlarged 
glands within the cloacas of Salientia may possibly be homologized 
with the pelvic glands, although their function is not definitely 
known. In the Salientia sex may be identified by the presence 
of the secondary sexual characters discussed in Chap. V. 
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CHAPTER XIII 


THE ENDOCRINE GLANDS 

The coordination of the activities of the various organs of the 
body may be brought about either through nervous impulses 
transmitted along nerve tissue or by chemical substances set free 
in the circulation. The latter are the hormones, and the best 
known are produced by the endocrine glands. These glands of 
internal secretion are found in various parts of the body. They 
have frequently changed their form and character during phy- 
logeny, and in some instances their endocrine functions seem to 
have been secondarily acquired. The effects of their products 
control many types of form and function and range from influ- 
encing the rate of development, the coloration of the skin and the 
growth of the secondary sexual characters to the appearance of 
various types of behavior. Several of the endocrine organs are 
duplex, having arisen from tissue of totally different origin. 
They are functionally closely correlated among themselves, the 
stimulation of one organ leading to a change in the activity of 
another. This phenomenon makes it especially difficult to 
analyze the specific functions of any one organ, for its extirpation 
or transplantation leads to changes in the others. The study 
of the internal secretions has attracted many investigators in 
recent years, but the functions of several of the organs are still 
incompletely known. Probably some tissues not united into 
discrete endocrine organs discharge hormones into the blood 
stream, there to regulate the activities of other parts of the body- 
A good example is the small intestine with its hormone secretin, 
discussed in another chapter. Again, waste products of metabo- 
lism, such as carbon dioxide, may affect the respiratory centers 
in the brain. As discussed in the chapter on respiration, these 
centers control the breathing movements of Amphibia, increasing 
the rate according to the need. Hormonal or parahormonal 
substances which are not produced by definite endocrine organs, 

however, are considered in other chapters. 
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The secretions of the endocrine organs often produce reactions 
similar to those accomplished by the nervous system alone. The 
nervous system is a more rapid and precise means of coordination, 
and hence where speed of response is needed, as, for example, in 
the color changes of certain tree frogs, the nervous component 
plays the more important role in coordination. Where con- 
tinuous activity is required, however, as in digestion, circulation, 
or metabolism, a chemical control has decided advantages 
over a nervous regulation. The two systems are often closely 
interrelated, both stimulating the same effectors. In general, 
endocrine control is slow and diffused; nervous control, swift and 
precise. Nevertheless, the nervous system became well differ- 
entiated as a discrete system in phylogeny before the endocrine 
organs had evolved as definite structures. 

Thyroid Gland. — The thyroid gland arises as a median out- 
growth from the ventral wall of the pharynx although in the frog 
its tissue appears to be derived from an ingrowth of ectoderm. 
In Amphioxus and the Ascidians, this region is occupied by an 
open groove of ciliated and mucus-producing cells which serve 
to entrap food particles and drive them along to the intestine. 
In the larva of Petromyzon this structure, the endostyle, is 
present in a modified form, while in all higher vertebrates a 
homologous growth, the thyroid, early separates from the phar- 
ynx wall and develops a series of closed follicles which produce 

a secretion of considerable importance in controlling the metabolic 
level of the animal. 

The thyroid was originally an unpaired structure, and this 
condition is still maintained in the reptiles. During ontogeny 
the thyroid of Amphibia becomes bilobed and the two halves 
usually separate to move posteriorly and laterally to their final 
position. In the adult frog the paired thyroids lie one on either 
side of the hyoid apparatus just posterior to the postero-lateral 
processes; in salamanders they have a more lateral position, 
usually being found near the external jugular veins (Fig. 105). 
There is, however, considerable variation in urodeles (Uhlenhuth, 
1927), and accessory follicles appear in both frogs and salaman- 
ders, a median group being the most frequent. The follicles 
increase in size but not in number during larval life (Uhlenhuth 
and Karns, 1928). At the time of metamorphosis there is a 
marked increase in the secretory activity of the follicular cells, 
and this is followed by a release into the blood stream of the 
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colloid contained in the follicles. During adult life the thyroid 
undergoes certain cycHc changes, storing colloid in winter and 
releasing it in summer (Sklower, 1925). 

Thyroid and Metamorphosis. — The administration of thyroid 
substance to man leads to an increased rate of metabolism, as 
measured by oxygen consumption, also increased body tempera- 
ture and pulse rate, emaciation, and nervousness. The first 
result is obtained with amphibian larvae on treating them with 
thyroid extracts (Helff, 1926; Belehrddek and Huxley, 1927). 
The treated larvae undergo a rapid transformation into the adult 
form. The result is particularly striking in the case of such 
species as Rana catesbeiana and Eurycea bisUneata which normally 



Fio. 105. — Diagram of the head of an adult Ambystoma showing position of 
the thymus. E.B., epithelial bodies; T., thymus; Th., thyroid glands and asso- 
ciated blood vessels. {After Baldwin.) 

have a larval period extending over more than a year, since 
changes begin from approximately a week to three weeks after 
the treatment and are complete within the month. A single 
feeding of thyroid gland is sufficient to bring forth all the changes 
of metamorphosis in the case of some species. 

Metamorphosis consists of many external and internal changes 
in the organization of an amphibian. The more conspicuous 
changes in salamanders include a loss of the gills and tail fin, a 
shedding of the larval skin in one piece and its replacement by 
the adult skin of different structure and usually color, a protrusion 
of the eyeballs with the formation of fids, and finally a fusion of 
the margin of the operculum to the underlying integument. 
Wilder (1925) has described the many external and internal 
changes of Eurycea bisUneata at transformation, but not all of 
these occur in other species of Amphibia. The larvae of frogs 
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lose their tail and larval mouth parts; they also radically change 
the shape of their head and body. Most tadpoles develop eyelids 
on metamorphosing, but various pipids fail to do so. The com- 
plete reduction of the gills is evidence of metamorphosis in most 
salamanders but not in Siren (Noble, 1924). The limbs of 
urodeles appear early in development and rarely show a structural 
change during metamorphosis, but the rapid limb growth in 
the tadpoles of some Salientia may be considered a metamorphic 
change. Allen (1929) considers the degree of limb development 
in tadpoles of Rana pipiens an accurate criterion of the extent 
to which metamorphosis has advanced. Metamorphosis is a 
combination of changes, most of which normally take place over 
a short period, but in some species it may be extended over a 
long period or may, in fact, not occur at all. In other words, 
metamorphosis involves different changes in different species. 

In metamorphosis there arc two factors to be considered: 
first, the tissue undergoing the change and, second, the mechanism 
producing the change. Eyes (4 hlenhuth, 1917) or intestine 
(Sembrat, 1923) transplanted from one individual to another 
metamorphose synchronously w'ith the host, but where transplant 
and host are of different species the transplanted tissue retains 
its own specific characters, those determined by its heredity. 
As Allen (1918) and E. R. and M. M. Hoskins (1919) first showed, 
tadpoles deprived of their thyroids are unable to metamorphose. 
Thyroid extracts have no effect upon the segmentation of the 
egg (Deutsch, 1924) or upon the very early larva. A certain 
amount of differentiation must have taken place before the 
thyroid hormone is able to act in the dramatic manner first 
described by Babak (1913) and Gudernatsch (1913). In Rana 
tadpoles the critical stage occurs shortly after the operculum 
has grown back (Romeis, 1924). In the case of some perenni- 
branch urodeles, such as Necturus and Proteus, this critical stage 
never occurs; in others, notably Cryptobranchus and Siren, which 
metamorphose only their skin, it occurs soon after hatching. 
Still, in neither perennibranch nor frog tadpole is the ani- 
mal’s own thyroid sufficiently developed at this time to produce 
metamorphic changes. Cryptobranchus and Siren have large 
thyroids capable of inducing metamorphosis when fed to thyroid- 
ectomized axolotls (Noble, 1924), but they fail to induce a com- 
plete metamorphosis in their own bodies because most of the 
tissues which in other salamanders usually undergo metamorpho- 
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sis here are not sensitive to the thyroid hormone. Jensen, Swin- 
gle, and others found that thyroid substances induced no change 
in Proteus or Necturus, although the thyroid of the latter is 
capable of hastening metamorphosis when transplanted to Rana 
tadpoles (Swingle, 1922). When Cryptobranchus and Siren are 
subjected soon after hatching to thyroid extracts or thyroxin, 
they shed their larval skin and assume the characteristic integu- 
ment of metamorphosed salamanders. This change normally 
occurs much later in the life of Cryptobranchus and Siren, and 
presumably takes place under the influence of the salamanders' 
own thyroids. It is evidence for the fact that the skin, alone of 

all the tissues, which normally 
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-Sections of one of the 
thyroid glands of a normal (A) and a 
neotenic newt (B) , Triturus cristatus. 
{After Kuhn.) 


metamorphose in related sal- 
amanders, is in these forms sen- 
sitive to the thyroid hormone. 

Neoteny. — Urodele larvae are 
frequently found sexually ma- 
ture in nature, showing that the 
development of the gonads is 
^not dependent on the thyroid 
hormone. The removal of the 
thyroid in mammals prevents 
growth and leads to cretinism, 
but the growth of the larvae of 
both frogs and urodeles is un- 
affected by this operation. In 
the perennibranch Typhlomolge the thyroid may be absent, 
but in view of the fact that none of the other perennibranchs 
fully metamorphoses after thyroid treatment it appears 
doubtful if neoteny in this genus can be attributed to the 
loss or reduction of this organ. Blacher (1928) found that the 
intestine of tadpoles was stimulated to metamorphic change 
by weaker solutions of thyroid extracts than those necessary to 
produce changes in the taO, while the latter responded to weaker 
solutions than those required by jaws or trunk. Font^s and 
Aron (1929) by using minimum doses of th 3 a’ 0 xin showed that 
the skin of tadpoles was more sensitive than the tail in the 
species they were considering. The quantity of thyroid 
hormone necessary to produce a metamorphic change varies 
with the kind of tissue, the age of the animal, and the species 
(see page 102). 
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Neoteny in salamanders may be due not to a deficiency of the 
tissues but to some factor which prevents the release of the thyroid 
hormone into the circulation. As long ago as 1817 Spix suspected 
that Proteus was the larval form of a terrestrial salamander. 
On his memorable voyage to Brazil he carried a series of live 
Proteus with him hoping that the wvarmer climate of the tropics 
would induce Proteus to metamorphose. Cold apparently 
inhibits the release of the hormone, for salamander larvae of 
species which normally metamorphose frequently fail to do so 
when they live at high altitudes. This is the case of the axolotl 
of the Rocky Mountains, the neotenous larva of Atnhystoma 
tigrininn. There are other axolotls, larvae of the same or a 
closely related species which live in wanner waters but due to 
some inherited defect of the releasing mechanism remain larvae 
for long periods. Such is the case of a Mexican axolotl and of 
some tiger salamanders of New Mexico. Many newts (kig. 106) 
and other salarnandrids have been found to develop neotenous 
larvae at times. A large percentage of newts in the \\ oods Hole 
region were found to be neotenous, but whether this was due to 
an inherited defect of the releasing mechanism or to some environ- 
mental factor is unknown (Noble, 1929). Zondeck and Reiter 
(1923) found that calcium delayed the metamorphosis of tadpoles. 
A lack of vitamines in the diet will prevent the metamorphosis 
of Ambystoma larvae. Patch (1927) showed that larvae fed 
only Enchytraei or beef muscle failed to metamorphose. The 
addition of cod liver oil or yeast to the diet of the controls per- 
mitted them to metamorphose successfully. There are, also, 
various internal factors, such as the amount of insulin available, 
which inhibit metamorphosis (Gessner, 1928). Hence, the 
failure of a salamander to metainoi'phose may be due to any one 
of several different causes. 

Iodine and Metamorphosis. — It has long been known that the 
thyroid gland is rich in iodine content. No other tissues of 
craniates, in fact, contain so high a percentage. Swingle (1919) 
found that iodine or its inorganic compounds administered to 
toad and frog tadpoles induced a precocious metamorphosis 
(Fig. 107), and Ingram (1929) has recently demonstrated that 
the subcutaneous implantation of iodine crystals in the thyroid- 
ectomized and hypophysectomized axolotl brought the same 
result. In nature the iodine is received with the food or possibly 
to a certain extent with the water, and the function of the thyroid 
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gland is to store it in the form of a colloid secreted by the follicle 
cells of the gland. When the thyroid gland is removed and iodine 
crystals are implanted, apparently other tissues are able to elabor- 
ate an iodine compound effective in producing metamorphosis. 

Kendall (1918) succeeded in isolating from the thyroid gland of 
mammals a single crystalline substance containing iodine and 

having the physiological properties of 
thyroid extract. This, according to 
Harington (1926), is an iodine derivative 
of parahydroxyphenyl ether of tyrosine, 
having the formula Ci 5 Hn 04 N I 4 . The 
iodine is apparently necessary for the 
complete ossification of the skeleton, 
since Terry (1918) found ossification de- 
ficient in thyroidectomized tadpoles. 
Once metamorphosis has taken place, the 
tissues may still respond to the thyroid 
hormone, since BSlehr^dek and Huxley 
(1927) found that oxygen consumption 
was almost immediately increased by 
injecting thyroid into the metamorphosed 
Ambystoma. Gayda (1924), however, 
was not able to find any effect of thyroid 
feeding on adult frogs, but as Sembrat 
(1925) found that larval intestines of 
Pelobates transplanted into the metamor- 
phosed frog underwent a transformation, 
the thyroid hormone must have been cir- 
culating in the tissues of this species. 
Possibly Gayda^s frogs were too old to 
respond to treatment. The thyroid 
hormone would seem to have an impor- 
tant function throughout life, but in Amphibia it is especially 
significant in its influence on metamorphosis. 

Pituitary Gland. — The pituitary gland of Amphibia agrees with 
that of teleosts in arising from a solid ingrowth of ectoderm 
between forebrain and foregut (Fig. 108). It loses its connection 
with the surface and becomes applied to the infundibulum, a 
ventral diverticulum of the thalamus. The ingrowth does not 
develop normally if the infundibulum is experimentally destroyed 
(Smith, 1920), while the nervous diverticulum fails to differentiate 


Fig. 107. — The effect of 
iodine on metamorphosis. 
The tadpole which was fed 
iodotyrosine (A) had well 
begun its metamorphosis in 
fifteen days while the control 
(B) fed tyrosine remained a 
tadpole after forty-two days 
oftreatment. (After 
Snringle.) 



THE ENDOCRINE GLANDS 


297 


completely in the absence of the ingrowth. Hence, the two por- 
tions of the gland, the hypophysial ingrowth and the infun- 
dibulum, although of totally different origin, are mutually 
dependent on one another for their differentiation. 



Fiq. 108. — Diagrammatic median sagittal section of a young frog larva showing 

the hypophysial ingrowth. Hyp., hypophysis. 

The hypophysial ingrowth of the pituitary differentiates into 
three different parts: the pars anterior y pars intermediaj and pars 
tuberalis (Fig. 109). The first is the largest and most conspicuous 
portion. It lies not anterior but ventral and slightly posterior 
to the others, but it receives its name from the homologous part 
in mammals which has a more anterior position. The pars inter- 



P. Int. 

P. Ant. 

I'lo. 109. Longitiulinal section of the hypophysis of the salamander, Enrycea 
bislineala. The nas.al region is on the right. P.Ant.. anterior lobe; P.Int., 
middle lobe; P. Post., posterior or neural lobe. {After Atwell.) 

media is less vascular than the pars anterior and appears whitish 
or opaque in the fresh animal. It lies chiefly dorsal to the pars 
anterior in the adult. The pars tuberalis develops as a pair 
of anteriorly directed processes on either side of the pars anterior 
(Atwell, 1921). In the Salientia they become detached at the 
time of metamorphosis to form separate plaques closely applied 
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to the base of the thalamus. In most urodeles they are retained 
as processes, a separation having been reported only in one of the 
newts (Sumi, 1926). The pars tuberalis reaches its maximum 
size in the Plethodontidae, in a species of Plethodon, being five 
times as large as the pars intermedia (Atwell and Woodworth, 
1926). The infundibulum is sometimes described as the pars 
posterior or pars nervosa of the pituitary. It is non-glandular 
but frequently sacculated, as, for example, in Necturus. 

Pars Anterior. The pituitary produces a number of hormones. 
The source of some of these has been traced by extirpation and 
replacement methods to particular parts of the gland. From the 
work on mammals the pars anterior is known to produce a sub- 
stance which stimulates growth. When hypertrophy of this part 
of the gland takes place in man it leads to gigantism before 
puberty and to acromegaly after puberty. In tadpoles removal 
of the pituitary results in a considerable retardation of their 
growth (Smith, 1920). The restoration of the pars anterior alone 
is sufficient to induce a return to the normal growth curve (Allen, 
1928), while the implantation of the intermediate and posterior 
lobes does not have this effect. Allen (1925) showed that the 
extirpation of the pituitary stunted the growth of the limb bones 
especially, and the effect was greater in frog than in toad tadpoles. 
Frequent intraperitoneal injections of pars anterior extracts were 
found by Smith and Smith (1923) to produce tadpoles twice the 
volume of the controls. Gigantism has been produced in tiger 
salamanders by feeding anterior lobe substance (Uhlenhuth, 
1920). The giant larvae of frogs and urodeles sometimes found 
in nature, however, are usually individuals which have failed to 
metamorphose due to the non-functioning of their thyroid appara- 
tus and hence are individuals which have prolonged the period 
of larval growth. 

The anterior lobe of the pituitary exerts an important control 
over metamorphosis by influencing the growth and develop- 
ment of the thyroid gland. This has been indicated in much 
of the work on metamorphosis but was especially well shown 
recently in the case of the tadpoles of Rana and Bufo by Allen 
(1927), There is no accumulation of thyroid colloid in the 
follicles if the anterior lobe of the pituitary is removed. Uhlen- 
huth and Schwartzbach (1927) suggest that the hormone of the 
anterior lobe may be also the factor which induces the release 
of colloid from the thyroid follicles. Various investigations 
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have shown that the anterior lobe is unable to induce metamor- 
phosis in larvae which have been deprived of their thyroids, but 
the recent work of Spaul (1930) makes it appear probable that 
during the later stages of larval life the anterior lobe may function 
independently of the thyroid in inducing metamorphosis. The 
extirpation of the thyroid causes an hypertrophy of both the 
'pars anterior and pars intermedia (Larson, 1927). The thyroid 
would thus seem to exert normally a certain inhibitory effect 
on the pituitary, while it in turn receives a growth-stimulating 
hormone from the pars anterior of that organ. This stimulating 
hormone is apparently produced by one type of cells in the 
anterior pituitary, for cells of this type, the basophils, undergo a 
rapid increase at the onset of metamorphosis (Allen, Torreblanca, 
and Benjamin, 1929). Spaul and Howes (1930), however, con- 
sider the oxyphils to be more concerned in metamorphosis 
because the oxyphil region of the cattle pituitary is especially 
iactive in inducing metamorphosis. 

The pars anterior of the pituitary not only influences the body 
growth and metamorphosis of amphibian larvae, but it also has a 
specific effect on the growth and liberation of the sex products 
of the adults. Daily transplants of fresh anterior pituitary 
hasten sexual maturity in rats (Smith 1926), and similar treat- 
ment causes Rana pipienSy a spring breeder, to lay its eggs in 
October or November (Wolf, 1929). The simple act of insert- 
ing fresh anterior lobe substance of Eurycea hislineata at frequent 
intervals, through small slits made in the chin skin of adult 
females of the same species, caused the latter to lay their eggs in 
December and January (Noble and Richards, 1930), several 
months before the normal breeding season. The eggs were laid 
in typical position attached to the under side of stones placed 
for that purpose in laboratory dishes. Since the females carry 
spermatozoa in their spermathecae at this season, the eggs develop 
without further assistance from the males. Wolf (1929a) found 
that male frogs are also stimulated to sexual activity by fresh 
pituitary substances injected into their lymph sinuses. The 
effect of the implants is greater in the female than in the male 
Bufo, however; more implants being necessary in the latter sex 
to induce sexual activity (Houssay, Giusti, and Gonzalez, 1929), 
and the same sexual difference appears to be true of some uro- 
deles. Ablation of the anterior pituitary in the toad leads to 
testicular atrophy (Houssay and Giusti, 1929). From this work 
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it would follow that the breeding-season rhythm of Amphibia is 

under the direct control of the hormone of the pars anterior of the 

pituitary. The hormone, in turn, may be under nervous control. 

It IS obvious that the breeding season occurs at certain favorable 
seasons. 

The discovery of a gonad-stimulating hormone has apparently 

considerable practical value to students of Amphibia, for it 

provides a ready means of obtaining embryological material 
at any time of the year. 

Pars Intermedia.— The pars intermedia of the amphibian 
pituitary exerts an important control over the pigmentation. It 
produces a hormone which induces both an expansion of the 
melanophores and a contraction of the lipophores and possibly 
also of the guanophores. As discussed in the chapter on the 
integument, the pigment cells are also under nervous control 
and further may respond directly to light. Nevertheless, the 
pituitary hormone plays the chief role of color-tone regulator in 
some species of Salientia. It was known from the early work of 
Smith (1916) and Allen (1917) that ablation of the pituitary 
induced a marked bleaching of the color in tadpoles. The 
removal of the pituitary through the roof of the mouth is a simple 
operation in the large-mouthed salamanders and it leads in a few 
hours to the same lightening of color. Swingle (1921) showed 
that intraperitoneal grafts of pars intermedia in hypophysec- 
tomized Rana tadpoles brought a return of the original color or 
even a more pronounced darkening. The pars intermedia and 
posterior of the pituitary of cattle can also induce an expansion 
of the melanophores of Amphibia (Atwell, 1919; Hogben and 
Winton, 1922). The melanophore-expanding hormone, although 
apparently produced by the pars intermedia^ is able to make its 
way into the pars anterior as well as into the pars posteriory for 
Blacher (1927) and Smith (1925) have noted pigmentary changes 
resulting from the injection of anterior lobe substance. 

Pars Posterior. The posterior lobe has certain specific effects 
which would seem to be due to more than one hormone. It 
has an important influence on the water equilibrium of both 
larva and adult. Injection of posterior lobe extracts causes an 
increased water intake, but repeated injections result in a loss 
(Belehr^dek and Huxley, 1927a). Removal of the entire 
pituitary in adult toads causes parts of the epidermis to form a 
thickened horny layer (Puente, 1927). Marx (1929) found that 
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hypophysectomized Salamandra developed a similar pigmented 
horny layer. In adult salamanders of several genera I have 
found this development to occur chiefly on the under surface. 
It would seem that this alteration of the skin was correlated with 
a decreased water intake, for the entire integument of the 
hypophysectomized salamanders appears drier than that of the 
controls. 

The removal of the whole pituitary results in a change in the 
tonus of the cutaneous capillaries, which become strongly dilated. 
Krogh (1926) suggests that the normal function of the pituitary 
hormones is to maintain capillary tonus. Possibly the effect of 
the postpituitary hormone on water regulation is produced 
through its effect on the capillaries of the skin or kidney. Extracts 
of the posterior lobe have a marked stimulating effect on the 
smooth muscles of the mammalian uterus, but it is doubtful if 
the effect is a general one on all smooth muscle (llogben, 1927). 
Allen (1929a) found that implantation of the posterior lobe in 
adult frogs causes a contraction of the body walls lasting several 
days. Spaul (1930) found that extracts of the posterior lobe 
inhibit metamorphosis. In brief, all parts of the pituitary have 
functions of great importance in the life of Amphibia. The 
isolation of their specific autocoids, as has been accomplished in 
the study of the thyroid, is still a matter for experimentation. 

Pancreas. — The pancreas includes, besides the enzyme- 
producing glands which pour their digesting fluids into the intes- 
tine by way of the pancreatic ducts, a number of clusters of 
epithelial cells which secrete a hormone directly into the blood 
stream. These cell clusters, unlike the thyroid follicles, are 
arranged in solid masses. They are called the “islets of Langer- 
hans.” Their hormone, insulin, regulates the amount of sugar 
in the blood by facilitating the assimilation of sugar by the tissues. 
If insulin is not present in the blood, glucose is neither oxidized 
nor converted into glycogen but accumulates in the blood and 
is excreted in the urine. Prevention of the normal functioning 
of the islets of Langerhans leads to the disease diabetes which is 
characterized by excessive amounts of sugar in the blood. Since 
the discoveries by Banting and Best in 1922, the function of 
insulin has been extensively investigated in mammals. Appar- 
ently, injection of insulin in Amphibia has the same effect as in 
mammals, if allowance is made for the lower body temperature 
of these forms, Huxley and Fulton (1924) showed that the 
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effects were hastened in frogs by increasing the temperature up 
to the normal maximum, and Olmsted (1926) has noted that 
temperature increase speeded up the effect of insulin in the 
toad. Aron (1928) finds that the internal secretion of the 
pancreas is not manifest until the time of metamorphosis, but as 
the glycogen of the liver does not vary greatly in relative amount 



Fio. 110. — An adrenal organ of a frog. Left kidney of Rana eat^sbeiana 
viewed ventrally showing the left adrenal organ, and associated structures. 
Ad., adrenal organ; F.B., fat body; K., kidney; T., testis; V., postcaval vein. 


during ontogeny (Goldfederowa, 1926), other tissues may be 
producing insulin. Recent investigations on mammals have 
shown that insulin may be found in other tissues after the destruc- 
tion of the pancreas. Hence, insulin is not a specific product of 
the pancreas, although it would seem to be produced chiefly 
by the islets of Langerhans. 

Adrenal Organs. — The adrenal organs receive their name from 
their proximity to the kidneys. In Salientia they form an irregu- 
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lar strip of yellow tissue adherent to the ventral surface of each 
kidney, usually near the midline and closely associated with the 
renal veins (Fig. 110). In Ascaphus they lie along the inner 
edge of the kidneys, and this is the position of the bulk of the 
organs in most urodeles. The adrenal organs resemble the 
pituitary in being formed of two kinds of tissue of different origin 
and function. The interrenal tissue, distinguished by the fatty 
inclusions which give it the yellow color, develops from the 
peritoneal epithelium either between the kidneys or anterior to 
them near the midline. The chromaffin tissue, distinguished by 
its intense staining in chromic salts and the granular inclusions 



Fio. 111. — Development of the adrenal organ of Hypogeophis. Ao., aorta; 
Ir., interrenal component of adrenal organ; N.T., nephric tubule; Pc.V., post- 
caval vein; R.V., renal vein; Sy.C., sympathetic cells. {After Brauer.) 


of its cells, arises from the neural tube at the time the sympathetic 
ganglia are being formed (Fig. 111). In the mammals the 
interrenal tissue forms the cortex, and the chromaffin the medulla 
of their adrenal organs which are here, as in other amniotes, 
isolated from the kidneys. In many urodeles adrenal tissue is 
found anterior to the kidneys in small isolated masses frequently 
associated with the sympathetic ganglia. In fact, chromaffin 
cells have been considered merely modified sympathetic cells 
and, like ganglia of the latter chain, they may receive sympathetic 
fibers directly from the cord. Urodeles have a more diffuse 
adrenal system than frogs or toads, but even in the latter the 
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adrenal tissue is usually broken up into a varying number of 
segments (Vincent, 1898). There is more interrenal than 
chromaffin tissue in Amphibia. Bonnamour and Policard (1903) 
distinguish four kinds of cells in the adrenals of the frog. Pos- 
sibly these represent different stages in the activity of the inter- 
renal and chromaffin tissue. 

The function of the interrenal tissue in Amphibia is unknown, 
although there is evidence in mammals that its secretions influ- 
ence the growth of the gonads. Precocious sexual maturity in 
children has been attributed to a hypertrophy of this tissue in 
certain cases. The interrenal tissue may also control the elimi- 
nation of the acid end products of normal metabolism through 
the kidneys (Swingle, 1927). The chromaffin tissue releases a 
hormone, adrenalin, into the blood stream which apparently 
has a non-specific effect of increasing the metabolism of the 
tissues (Martin and Armistead, 1922). Feeding of adrenal tissue 
to tadpoles increases their growth rate but has no effect on 
metamorphosis (Herwerden, 1922). Destruction of the adrenal 
organs in Salientia has been claimed not to have the fatal effects 
well known in mammals (Giusti, 1921; Gley, 1927). The tissue, 
however, is so widely distributed in the body cavity that its com- 
plete removal presents great difficulty. In the toad Bufo marinus 
Lascano Gonzalez (1929) has shown that some individuals which 
survived the operation had some adrenal tissue present. Injec- 
tion of adrenalin into frogs induces a contraction of the skin 
melanophores and a rise in blood pressure due to the constriction 
of the smooth muscle of the arterioles. Apparently in Amphibia, 
as in mammals, adrenalin affects those organs innervated by the 
sympathetic neurons and stimulates them in the same way. 

It seems to act on the myoneural junctions rather than on the 
sympathetic fibers, for the same results are obtained after the 
fibers have been cut. The function of adrenalin in the behavior 
of mammals is still a disputed matter (Hogben, 1927), although 
there is evidence that it plays a part in some of the reflexes 
associated with fright, where it is probably associated essentially 
with the mobilization of bodily resources for the protective 
reactions of the animal. In Amphibia, adrenalin may have an 
influence on the normal metabolism by increasing the amount 
of glucose in the blood through stimulating the liver to discharge. 
Thus it increases the amount of sugar in the blood, while insulin 
decreases it. The release of adrenalin in the blood would seem 
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to have some effect on pigmentation, for in some species injection 
of adrenalin causes a contraction of the melanophores. 

Adrenalin has been isolated chemically and found to be an 
amine (organic base) closely related to the amino-acid, tyrosin. 
Various substances closely allied to adrenalin and having similar 
physiological effects have been s>mthetically produced. 

Gonads. — The gonads, while primarily organs of reproduction, 
release hormones into the blood stream which have an important 
function in stimulating the growth and maintaining the develop- 
ment of the secondary sexual characters. The latter include a 
great variety of features in the Amphibia, ranging from the 
familiar nuptial pads of male frogs and the broad tail crests of 
male newts to obscure differences of teeth in salamanders and 
tendon structure in frogs. The secondary sexual characters 
include differences in red blood cell count, lung size, behavior 
patterns, and many other structural and physiological differences 
between the sexes. Some of these are discussed in a preceding 
chapter. The utility of many secondary sex characters is not 
always clear and their phylogeny presents a problem of special 
interest. 

Castration of sexually mature male newts results in a rapid loss 
of the secondary sexual characters (Bresca, 1910). This change 
is delayed by overfeeding (Champy, 1924) and by cold (Aron, 
1923). Further, only a partial regeneration of testicular tissue 
suffices to bring a return of the secondary sexual characters. 
In frogs, because of these or other modifying influences, the 
results of castration have not always been so marked. It seems 
established, however, that the testis induces and maintains the 
secondary sexual characters of the male. Welti (1925) and 
Ponse (1923) induced the development of the nuptial pad in 
female toads by testicular transplants, and Noble and Pope 
(1929) have caused blunt bicuspid premaxillary teeth character- 
izing the female Desmognathus fuscus to be replaced by elongate 
monocuspid ones distinctive of the male by transplanting the 
testes into the body of the adult female (Fig. 112). Testicular 
transplants also induce the development of male behavior. 
Brossard and Gley (1929) found that extracts made from fresh 
bull testes would induce the reappearance of the clasping reflex 
when injected into frogs. 

The testicular hormone of mammals is apparently produced 
by the interstitial cells. In Amphibia these are stromal cells 
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Fio. 112. — Effect of testicular hormone on the teeth of a salamander. A» 
The anterior teeth in the upper jaw of the female DeamogncUkus fuscus carolinen- 
818 220 days after spaying and transplanting a testis. The new premaxillary 
teeth which have grown in, are elongate and directed forward in the form char- 
acteristic of the male. The skull of the typical female (B) and a male (O. 
comparison. dentary teeth; 71/ JP, maxillary teeth; P. 4 L., palatine teeth; 

PMX, premaxillary teeth; VOM, vomerine teeth. {After Noble and Pope.) 
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surrounding the lobules of the testes. When the spermatozoa 
are released from the lobule and the Sertoli cells undergo degener- 
ation, the stromal cells increase by mitosis, change their form, 
and exhibit lipoidal droplets and fuchsinophil granules in their 
cytoplasm. Humphrey (1925) showed that all the secondary 
sexual characters may be present in the male newt in which the 
spermatozoa had not left the lobules and in which the interstitial 
tissue had not yet made its appearance. It seems established 
from the work of Champy (1924), Humphrey (1925), and Harms 
(1926) that the source of the testicular hormone in Amphibia 
is not to be found in the interstitial cells but rather in the sperm or 
in the Sertoli cells. 

Whether the testicular hormone be a by-product of spermato- 
genesis or a substance released by the Sertoli cells, it can produce 
its effect only on tissues which are sensitive to its action. Differ- 
ences between two secondary sexual characters are due to 
differences between the tissues and are not accountable to 
the amount of hormone. Further, the development of some 
secondary sexual characters may be due to other factors. Naka- 
mura (1927) found that the cloacal papilla of certain European 
newts could be made to develop in the female by treatment with 
thyroid. The latter apparently affected adversely the growth 
of the ovaries, and this, in turn, permitted the development of 
the papilla which would app>ear to be a specific character normally 
held in check by secretions of the ovary. In birds the function 
of the ovary in supressing the male plumage is well known. 
In frogs the ovary apparently controls growth of skin papillae and 
influences the development of the oviducts. As stated above, 
the growth and liberation of the sex products is under the control 
of a hormone from the pars anterior of the pituitary. Aron 
(1927) found that the spermatogenetic cycle of salamanders was 
influenced by the elimination of spermatozoa. Further, the 
grafting of immature testes into mature animals did not hasten 
the cycle. 

Parathyroids and Ultimobranchial Body. — The parathyroids 
develop as epithelial growths from the ventral portion of the third 
and fourth visceral slits. They appear late in larval life, in 
Ambystoma apparently not until the time of metamorphosis 
(Baldwin, 1918). Allen (1920) found that removing the thyroid 
of toad tadpoles caused a marked hypertrophy of the para- 
thyroids. There was no deposition of colloid or other histological 
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change suggesting that the parathyroids might assume the 
functions of the thyroids. The parathyroids in mammals pro- 
duce hormones which play an important role in calcium metabo- 
lism, especially by controlling the concentration of calcium salts 
in the blood. There is evidence that this may be true of Amphibia 
as well (Waggener, 1929). 

The ultimobranchial body arises as an epithelial growth from 
the last gill pouch of each side. In urodeles that on the right side 
is usually lacking, although it persists in Necturus and Amphi- 
uma. The branchial origin of the structure suggests an endocrine 
function but it rarely develops a colloid and shows no enlargement 
during metamorphosis. In the adult it lies near the truncus or 
larynx. Its function is unknown, although its widespread 
occurrence throughout most vertebrates suggests that it must 
have some functional significance. Wilder (1929) has described 
the ultimobranchial body in a large series of urodeles and because 
of its variability concluded that it probably had little or no 
physiological significance. 

Th 3 rmus. — The thymus gland arises from thickenings in the 
dorsal portion of the visceral pouches. These thickenings become 
epithelioid bodies which early lose their connection with the 
pouches. In caecilians the first six visceral pouches of each side 
produce thymus buds. In some salamanders, such as Ambys- 
toma, the first five develop buds (Baldwin, 1918) but the first 
two degenerate. The thymus of the adult accordingly is a 
three-lobed structure, presumably formed by a fusion of the 
three remaining buds of each side. In caecilians the first and 
last pair of buds degenerate and the four remaining pairs fuse to 
form a single element on each side. In some Salientia, according 
to Maurer (1906), only the first two pairs of visceral pouches 
take part in bud formation. The first pair degenerates and the 
second pair develops into the definitive thymus which in the 
adult lies under the skin caudal to the tympanic membrane and 
is partly covered by muscle. In brief, while all except the most 
posterior visceral pouches produce thymus tissue in the primitive 
Amphibia, this power is greatly restricted in some salamanders 
and in the Salientia. 

The thymus glands, since they develop in much the same way 
as the parathyroids, are assumed to have endocrine functions, 
but these have not been clearly defined in either Amphibia or 
mammals. Thymus feeding has had a variable effect both on 
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pigmentation and growth of tadpoles. The thymus is pro- 
portionately larger during larval than adult life. In mammals 
its persistence is associated with the retardation of sexual and 
bodily development. In Amphibia the thymus functions in 
producing lymphocytes, granulocytes, and also erythrocytes to a 
certain extent. Speidel (1925) found that thyroid feeding 
greatly stimulated the thymus of tadpoles and caused the growth 
of lymphoid cells and their migration into the circulation. 
Extirpation of the thymus in adult frogs apparently has little 
effect on the animal’s health (Agafonow, 1927), but it would be 
interesting to perform the same operation during the breeding 
season. Riddle has shown that the operation leads to serious 
defects in the egg capsules of pigeons. The eggs of birds, 
however, are much more advanced in structure than those of 
frogs. The thymus may produce specific as well as general 
effects in birds, but none of the specific effects has been estab- 
lished in Amphibia. 

Pineal Organ.— A well-marked pineal foramen is found in the 
skulls of both branchiosaurs and lepospondyls, indicating that the 
ancestors of modern Amphibia were equipped with a functional 
median eye. In some tadpoles and even in a few adult frogs the 
position of the pineal organ is indicated by a piginentless, trans- 
lucent spot on the forehead. The pineal arises in the embryos 
of both frogs and salamanders as a diverticulum of the thalamus 
which extends toward the integument of the forehead. The tip 
enlarges to produce a vesicle which in Ambystoma may assume 
the form of a rudimentary retina (Tilney and Warren, 1919), 
having both pigment and an incipient differentiation of the cells. 
Sense cells appear in the pineal organs of many Amphibia and 
there are also ganglion and supporting cells (Vialli, 1929; Kleine, 
1929). In the primitive Bombina, pigment is also formed, giving 
further evidence of the original sensory nature of the pineal in 
frogs. In many species, however, these differentiations fail to 
appear, and the vesicle may fail to develop a well-defined lumen. 

Nerve fibers usually appear in the stalk of the diverticulum 
connecting the vesicle with the posterior commissure, but the 
vesicle later becomes detached from the stalk and hence at this 
stage can have no sensory function. In many aquatic Amphibia 
(Triturus, Pipa, etc.), the vesicle is lacking. Most Amphibia 
are nocturnal and hence might not be expected to have great 
need of a median eye. It is interesting, therefore, to find that 
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the pineal has taken over other functions. In many species, 
such as the cave salamander, Hydromantes italicusj the rudi- 
mentary vesicle is primarily a secretory organ. In species where 
the stalk persists, the latter also develops glandular functions. 
The pineal organ of Amphibia has been reported to arise from a 
paired diverticulum (Cameron, 1903; Riech, 1925). This is of 
interest, for two diverticula, each with a terminal vesicle, develop 
in Petromyzon. In the lizards it is the anterior one of these 
which forms the parietal eye, which in some of these reptiles 
apparently still functions as a light-receiving organ. Since the 
two diverticula apparently fuse during the development of 
Amphibia, it is not clear whether the pineal vesicle is homol- 
ogous with the median eye of lizards or represents the posterior 
of the two elements found in Petromyzon. Whether this vesicle 
has any sensory functions in modern Amphibia is unknown. 
The presence of sense cells in the structure may be taken as 
evidence of some sensory function. The presence of lipoids, 
however, and various other secretion products in the lumen and 
in some of the cells (Vialli, 1929) shows that the organ has 
secretory functions as well. The pineal is a rudimentary organ 
which seems to have assumed endocrine functions. 

The specific functions of the secretion of the pineal are not 
clearly understood in Amphibia. McCord and Allen (1921) 
found that feeding of pineal caused a temporary contraction 
of the melanophores of Rana pipiens. Groebbels and Kuhn 
(1923) confirmed the observation on another species of Rana. 
But as McCord and Allen failed to observe definite changes in 
toad tadpoles and as experiments with the pineal of urodeles 
have been equally inconclusive, it would seem that the pineal 
hormone was not an important regulator of pigmentary changes 
in amphibian larvae. In mammals pineal extirpation induces a 
precocious development of the gonads. Recently Schulze and 
Holldobler (1926) have found that implantation of pieces of 
beef pineal in tadpoles causes an acceleration of body growth; 
and Addair and Chidester (1928) secured some evidence that 
feeding desiccated pineal organ would hasten metamorphosis. 
Further investigation is necessary before any specific function 
can be assigned to the pineal gland of Amphibia. 
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CHAPTER XIV 


THE SENSE ORGANS AND THEIR FUNCTIONS 

The sense organs are the receptors, either cells or more usually 
groups of cells, which respond to environmental changes. The 
resulting excitation is transmitted by means of nerves to effector 
organs which may bring the animal closer to some particular need 
or aw'ay from danger. Sense organs are usually formed of 
epidermal cells. They are especially sensitive to only one par- 
ticular kind of stimulus, and are far more sensitive to this than 
are other cells of the body. A tactile papilla in the skin of a frog, 
for example, is more sensitive to a slight touch than is the nerve 
leading away from this spot. The kind of sensation produced 
by a sense organ is not dependent on the type of receptor but on 
the connections of the nerve in the brain or spinal cord. It 
is known in man that the same sensation is produced by stimu- 
lating either the sense organ or its nerve alone and hence that the 
receptor is not responsible for the quality of a sensation. The 
central connections are so different in frog and man that it would 
be difficult to postulate the qualities of the sensations of the 
former. Further, Amphibia are equipped with some sense organs 
not found in man. The skin, for example, is sensitive to light 
but there is little evidence as to the nature of the sensation which 
comes from light-exposed skin. Many reactions in Amphibia 
are reflex, presumably without representation in consciousness, 
and all may be discussed without reference to the probable 
sensations. 

Sense organs may, therefore, be more properly called “recep- 
tors." They may be grouped according to the type of stimulation 
to which they are especially sensitive. The mechanorecep- 
tors respond to certain degrees of mechanical pressure or certain 
frequencies of vibration. These include the pressure receptors 
of the skin and internal organs, the lateral-line organs of the 
skin, the gravity receptors of the inner ear, the sound receptors 
of the same, as well as the hunger receptors of the stomach. The 
chemoreceptors include the organs of taste, smell, and common 
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chemical sense. The photoreceptors are the light receptors of 
eye and skin. The thermoreceptors are those especially sensitive 
to slight changes of temperature and embrace the temperature 
organs of the skin. In addition, there are pain receptors in both 
the skin and some internal organs which cannot be classified 
under any of these heads. For convenience of description the 
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sense organs may be grouped ac- 
cording to their topographic 
positions. 

Lateral -line Organs. — The most 
conspicuous sense organs of the 
skin are the lateral-line organs. 
These are little clusters of sense 
cells usually forming shallow de- 
pressions in the surface and ar- 
ranged generally in definite rows 
on head and body. The lateral- 
line organs represent an inheri- 
tance from the fishes in which the 
same rows may be readily identi- 
fied. As in fishes these sense cells 
function in responding to vibra- 
tions of low frequency (Dye, 1921) 
in an aquatic medium. Lateral- 
line organs are present in ail 


F.o. n3.-Vertical section of a thoroughly aquatic urodeles and 
lateral line organ of .Siren lacertina their larvae. They are present in 

tlZZe Ufu'rctZ) mountain-brook species such 

as the larger forms of Desmogna- 
thus, but are inconspicuous or lacking in the more terrestrial 
forms of the same genus. They are lacking in terrestrial 
plethodontids. Although present in larvae of all Ambys- 
toma, they show various stages of degeneration in the adults. 
Among the Salientia lateral-line organs are present in the aquatic 
larvae but usually are absent in the adults. They are found in 
the adults of the Pipidae (Escher, 1925) and of such very aquatic 


types as Bombina and Ceratophrys laevis. 

The lateral-line organs of Amphibia are less specialized than 
those of most fish in that they usually lie entirely within the epi- 
dermis. In Stereochilus they have sunk partly into the corium and 
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are found at the bottom of conspicuous “pores” on the head and 
body. 

The lateral-line organs are pear-shaped with a shallow, usually 
ovate depression at the smaller, outer end. The organ consists 
of sense cells having a central position and of spindle-shaped, 
sustentacular cells surrounding them (Fig. 113). Charipper 
(1928) also distinguishes mantle or protective cells on the sides 
of the organ and basal cells next to the corium. The sense cells 
are club-shaped and have a refractive point or bristle which is 
proportionately longer in the larva than in the adult (Kingsbury, 
1895) but in both cases reaches the surface of the depression where 

it projects into the medium of the environment. 

In some tadpoles and urodeles the lateral-line organs are 
arranged singly in rows. In many others the organs divide to 
form many short series of from two to seven organs with the axis 
of each group either parallel or vertical to the main rows (hig. 
114). Kingsbury and Kscher recognize four main rows on the 
head and three on either side of the body. One of the head rows, 
namely that on the cheek, may be conveniently divided into five 
differently directed parts. The Pipidae differ from urodeles in 
having an accessory row of lateral-line organs extending to near 
the midline of the back and in having the supraorbital row 
recurving and extending back into the frontal region. Salientia, 
also, differ from urodeles, except Ambystoma, in having the axes 
of the sense-organ groups of the upper body row extending in the 
same direction as this row, those of the two lower rows running 
vertical to it. The opposite arrangement of organ groups and 
body rows is maintained generally in urodeles. In some Amphibia 
the sense-organ groups on the head may be very numerous and 
somewhat irregular but nevertheless are referable to the same 
row patterns found in other recent sp)ecies and in fossil Amphibia 
and fishes. 

These rows are determined by the lateral-line nerves of which 
there is a preauditory component from the seventh cranial nerve 
and a postauditory component from the ninth and tenth. The 
three rows of lateral-line organs on each side of the body are 
supplied by three branches from the latter. The central connec- 
tion of both lateral-line nerves is in the dorsal portion of the 
medulla. This suggests a close functional relationship of the 
lateral-line organs with the mechanisms of equilibrium and 
posture. 
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Lateral-line organs are readily lost when Amphibia become 
terrestrial. The common newt possesses a full equipment 
of these sense organs as a larva but during the terrestrial 
red eft stage they partially atrophy and are covered by 
adjacent epidermis to reappear again on the surface as fully 
functional structures when the newt takes up an aquatic mode of 


A. 



I O. 




. Lateral-line organs. The distribution of the lateral-line organs 

10 indicated by small depressions in the skin. A. Plcurodeles waltl {after Escher). 
B. Triturus viridescena {after Kingsbury) . C. Rana heckscheri tadpole. 

Branches: A., angular; D.. dorsal; I.O., infra-orbital; J., jugular; L., lateral; 
O., oral; V„ ventral; S.O„ supra-orbital. 

living in adult life. Nevertheless, lateral-line organs are not 
present in all aquatic Amphibia, and here the immediate history 
of any one form may be of great significance. Thus they are not 
present in the aquatic toads Pseudis or Calyptocephalus nor in the 
caecilian T 3 q)hlonectes (Escher, 1925). The latter, although 
thoroughly aquatic, probably had fossorial ancestors. They 
are found in the larvae of Salamandra atra which live their whole 
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larval life within the maternal oviducts (Escher, 1925). This 
seems to be an inheritance from the ancestral Salamandra sala- 

mandra which has aquatic larvae. 

Tactile Organs. — The skin of Amphibia is sensitive to mechani- 
cal stimulations. Free nerve endings are abundant between the 
cells of the epidermis. Other nerve endings are associated with 
connective tissue capsules or with groups of specialized cells 
between which the nerves extend. When such groups occur in 
the corium they may raise the overlying epidermis into a papilla. 
Sense papillae have been described from the feet of frogs and 
from the back of the breeding female frog. Papillae having a 
similar form are found on the heads of some Saiientia (Fig. 
34B) and along the lips of some species of Desmognathus. The 
tentacle of the Gymnophiona is a tactile organ, and the tentacles 
of Xenopus larvae, as well as the cirri of certain plethodontids, 
may have similar functions. The tentacles of the adult Xenopus 
are not homologous with those of the larvae. They develop 
by a growth of the caudal ends of the lacrimal ducts and their 

function has not been determined. 

Organs of Chemical Sense. — The outer surface of most fishes 
is open to chemical stimulations of a mildly irritating kind 
(Parker, 1922). With the development of land life in tetrapods 
and the consequent drying of the skin this capacity was restricted 
to the mucous membranes. The Amphibia still retain the 
common chemical sense in a marked degree over all the surfaces 
of their body. Free nerve endings of the spinal and cranial 
nerves in the epidermis are the type of nerve terminals concerned 
with the reception of chemical irritants. These receptors 
resemble those concerned with pain, but Crozier (1916) has 
shown that in the frog the same terminals do not function for 
both mechanical and chemical stimulations. Further, Sayle 
(1916) finds that fatigue resulting from chemical stimulation is 
different from that produced by mechanical stimulation. The 
presence of a delicate chemical sense in Amphibia would doubtless 
play a part in affecting their movements in nature. Stimulation 
of these sense organs would tend to induce avoiding or escape 
reactions. In this they would be distinguished from olfactory 
sensations which frequently induce approach reactions. The 
olfactory organs are the chief receptors for chemical stimulations 
in higher vertebrates and even in Amphibia they are more sensi- 
tive than the chemical sense organs of the skin. 
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Heat and Cold Receptors. — Amphibia are sensitive to changes 
in temperature. This has been well shown by Wright (1914) 
and others who have recorded the temperatures at which different 
species of frogs appear from their winter quarters. It has been 
assumed that free nerve endings in the epidermis are the cold 
receptors (Plate, 1924). Morgan (1922) noted that the reaction 
time of frogs was longer to heat than to cold stimulation and 
concluded that the heat receptors lay deeper in the skin. By 
treatment with cocaine Morgan eliminated the response to cold 
earlier than that to pain stimulation. The result suggests that 
the heat and cold receptors are different from pain receptors. 



Fio. 115. — Taste bud from the 
tongue of Nccturus maculoaus. Cor., 
corium of close connective tissue; Ep., 
epithelium; S.O., sensory organ 
situated on a papilla of connective 
tissue. {After Kingsbury.) 

the Amphibia to the mouth. 


After cocainizing the skin a re- 
sponse to acid and to pain per- 
sisted beyond the response to 
heat, and the response to heat 
and cold beyond that to touch. 
Therefore the receptors for acid, 
heat, cold, pain, and touch in the 
skin of the frog are probably 
different. 

Organs of Taste. — Although 
many fishes, such as the catfish, 
have taste buds over the entire 
outer surface of the body, these 
structures, and with them the 
sense of taste, became limited in 
The senses of smell and taste are 


closely allied physiologically but the organs are very different 
structurally. Taste buds are isolated groups of elongated cells 
widely distributed over the palate, jaws, and tongue (Fig. 115)- 
The groups on the palate of urodele larvae are smaller than those 
of the tongue of adult frogs, and it has been suggested that these 
groups of sense organs in the frog may be tactile instead of 
gustatory organs. They consist of cylindrical as well as elongate 
cells (Niemack, 1893), both of which lack cilia, in contrast to 
most of the fining cells of the mouth. On the tongue of the frog 
the taste buds occupy the summits of fungiform papillae which 
are scattered among the filiform papillae and with them form the 
plushlike surface of the organ. There are no separate gustatory 
nerves as there are olfactory nerves, but gustatory fibers are 
included in several cranial nerves, apparently in the fifth, seventh, 
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ninth, and tenth. The taste buds are sometimes encircled by 
dense spirals of nerve fibers which may possibly reenforce the 
sensory excitation of these organs (Herrick, 1925). In man 
different taste buds may be responsible for different taste quali- 
ties. The Giersbergs (1926) have shown that the same is prob- 
ably true for Amphibia. 

Olfactory Organs. — The organ of smell, which in most fishes 
lies with both inlet and outlet on the surface of the snout, 
became associated with the upper lip in the fish ancestors of 
tetrapods and had its outlet enclosed within the mouth in these 
forms. Caecilians and some other Amphibia (Kurepina, 1926, 
1927) show in their development how this was apparently 
accomplished in phylogeny, for the choanae or internal nares 
arise from the caudal end of a furrow, the oro-nasal groove 
(Fig. 11), which sinks within the developing upper lip. 

Some aquatic Amphibia, especially the perennibranchs, agree 
with the fishes in that the nasal chamber is lined with a series of 
folds. The depressions between the folds are clothed with sense 
cells, and the ridges are covered with ciliated respiratory epi- 
thelium. Larval urodeles in general have a discontinuous 
sensory area, while tadpoles and most metamorphosed Amphibia 
have an undivided one. In Salientia this is raised caudally into 
an eminentia olfactoria. 

The olfactory epithelium consists of sense cells bearing several 

olfactory hairs on their free ends. It also includes ciliated 

supporting cells and basal cells. In tadpoles and larval urodeles 

the ciliated cells beat rapidly and help to drive a current through 

the nasal chamber. Wilder (1925) showed that in a plethodontid 

larva these cilia, together with those on the gills, maintained a 

steady current entering the nasal chamber. The sense cells 

vary greatly in length (Fig. 116), and in Rana some of the hairs 

may be longer than the thickness of the epithelium (Hopkins, 

1926). The proximal end of each sense cell is drawn out into a 
fine process. 

Two glandular masses develop in association with the nasal 
passage in metamorphosed Amphibia: an outer, guarding the 
external nares, and a more extensive inner series, which keeps the 
olfactory epithelium moist (Fig. 117). The secretion of the latter 
forms a mucous layer over the olfactory surfaces in those urodeles 
and Salientia which take air into the nasal chamber. Many 
olfactory hairs penetrate this layer and lie with their distal 
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portions exposed to the air (Hopkins, 1926). In thoroughly 
aquatic forms the mucus does not form a layer and the hairs 
stand out in the water in the nasal passage. Thus, in neither 
case does the mucus form a medium in which odorous substances 
are dissolved before they stimulate the hairs. 

The olfactory hairs of Amphibia are functional both in an air 
and in a water medium, as has been well shown in the case of the 
newt (Matthes, 1926). The olfactory organ, however, reaches 
its highest state of development in terrestrial forms. In the 
larvae of frogs and salamanders the olfactory stream passes 



Fio. 116. — Diagram of the olfactory epithelium of a frog. The long hairs 
reach the surface of the mucus and are non-moving. The shorter ones fail to 
reach this surface and exhibit ciliary activity. O.Ep., olfactory epithelium, 
L.O.H., long, non-moving, olfactory hairs; M .L.S., surface of mucous layer, 
S.O.H., short, moving, olfactory hairs. {After Hopkins.) 

freely inward from the nasal cavity to the mouth. Its return 
to the nasal passage is prevented in urodele larvae by a 
flap of mucosa acting as a valve, while in tadpoles a double o 
or fringe has a more complex form but similar function. Dunng 
metamorphosis the choanal valves are lost and a new mechanism 
for closing the nasal passage appears at its other end. As ® 
by Bruner (1901, 1914), a constrictor and two dilators of the 
external nares develop at this time or shortly before the c oana 
valves are lost. In metamorphosed Amphibia the o ac ory 
stream under muscular control passes freely in and out t roug 
the nasal cavity. The inspired stream tends to move t roug 


THE SENSE ORdANS AND THEIR FUNCTIONS 


325 


the mesial part of the nasal chamber; the expired, through the 
lateral. The latter region becomes more or less devoid of olfac- 
tory epithelium, except at one point, where a special sense area 
develops. This is Jacobson’s organ (Fig. 117), and it serves to 
test the food substances in the mouth. In frogs Jacobson’s 
organ lies in a sac at the anterior mesial corner of the nasal 
chamber. In urodeles it has usually a lateral position which, 
in spite of the studies of Wilder (1892), Seydel (1895), and Anton 
(1908), has caused various investigators to doubt its homology 



Fi«. 117. — Cross-section of nasal cavity of a tree frog showing Jacobson's 
organ and the glands associated with the nasal cavity. C.P., cartilago para- 
nasalis; C.P.I., cartilago paraseptalis inferior; C.P.S., cartilago paraseptalis 
eui)erior; C.S., cartilago septi; D.J., recessus niedialis nasi (ductus Jacobsoni); 
D.N ductus nasolacrimalis; D.OL, ductus olfactori\is; Gl.J glandula Jacobsoni; 
(il.N.L., glandula nasalis lateralis; Gl.P., glandula palatinus; Mi., maxilla; 
(h.N., 03 nasale; P.I., pars intermedia; H.M., recessus maxillaris. {After 
Mihalkovicn.) 


with the mouth tester of frogs. The percnnibranchs present 
certain deviations from the larval condition. Siren and Amphi- 
uma have both developed a modification of the choanal valve 
which permits its being opened at will (Bruner, 1914a), and both 
forms which are terrestrial at times, have a well-developed Jacob- 
son’s organ. Cryptobranchus, which represents a partly meta- 
morphosed type, has lost the choanal valves and developed a 
Jacobson’s organ. This structure arises in the larvae in anticipa- 
tion of its use after metamorphosis, and hence it is not surprising 
to find that Siren and Amphiuma with their special valves have 
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elaborated this structure while Necturus and Proteus which 
retain the larval valves have failed to develop it. It is interesting 
that Megalobatrachus should have its Jacobson's organ pro- 
portionately larger in early life than later (Fleissig, 1909). This 
would confirm the conclusion that the structure first developed 
in connection with terrestrialism and that its elaboration in 
Siren and Amphiuma is correlated with their occasional excur- 
sions on land. The olfactory nerve fibers extending to Jacobson’s 
organ frequently form a bundle distinct from those connecting 
with the remainder of the nasal chamber. 

Caecilians apparently sprang from a different order of extinct 
Amphibia from that which gave rise to the frogs and sala- 
manders, and they are unique in possessing a short retractile 
tentacle on either side of the face. Its base becomes associated 
with the nasal passage and especially with a secondary olfactory 
area usually described as Jacobson’s organ. By movements of 
the tentacle, odorous substances are apparently brought in 
contact with this sensory region, and hence Laubmann (1927) 
describes the region as a tactile nose able to detect food inde- 
pendently of the respiratory stream. The great development of 
the olfactory region in caecilians is correlated with their burrow- 
ing habits and rudimentary eyes. 

Eyes. — The first tetrapods were confronted with the problem 
of modifying the shortsighted fish eye into a mechanism better 
adapted for vision in the air. Amphibia have a smaller lens than 
fish, and it lies behind the iris. It is not round except in certain 
larval forms but flattened on its outer surface, even in the primi- 
tive hynobiid salamanders (Okajima, 1910). In frogs and 
toads this flattening is carried farther than in urodeles. The 
retreat of the lens away from the cornea, as well as its flattening, 
would tend to make the amphibian eye farsighted, an advanta- 
geous condition not realizable in water because of the opacity of 
this medium. The eye in its new environment required at the 
outset protective lids and glands to keep it clean and moist. 
Special muscles of accommodation developed to increase the effi- 
ciency of focus, and as the first tetrapods were devoid of necks, 
other muscles were modified to periscope the eyeball above the 
surface of the head and to pull it down when it was in danger of 
injury. The eyes of Amphibia are of interest in that they show 
stages in the transition from the eyes of fish to those of higher 
vertebrates 
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The eyes of modern Amphibia vary enormously in size. 
Arboreal and terrestrial forms tend to have larger ones than 
fossorial or aquatic types. The eyes are directed laterally in 
most forms, but in Centrolenella, Zachaenus, and a few other 
Salientia they are directed partly forward and possibly effect a 
binocular vision. Verrier (1927) estimated that even in the 
European tree frog 40 per cent of the field of vision was binocular. 

The eyeball is covered distally by a transparent cellular mem- 
brane, the cornea, the remainder, or concealed portions, being 
protected by a dense fibrous coat, the sclera. The latter is 
strengthened in the adults of some primitive urodeles, as well as 
in the larvae of most forms, by a ring or cup of cartilage (Stadt- 



Fig. IIS. — Sections representing three stages in the development of the eye 
of the frog, Rana csculcjiia. A.L., anlage of lens; Hr., brain; Ep., epidermis; 
L., lens; O.C., optic cup. {After OieabTccht.) 

muller, 1914 ; Okajima and Tsusaki, 1921). This cartilage, which 
is also found in frogs, was partly ossified at least, in some of the 
first tetrapods. It becomes enormously thick in Cryptobranchus, 
where Plate (1924) considers it a case of disharmonic growth 
conditioned by the degeneration of the eyes of this form. The 
cornea is arched in metamorphosed Amphibia and due to the 
inward migration of the lens (Fig. 118) is part of the refractive 
system. The cornea of larval Amphibia is frequently double, as 
in the case of certain bottom-living fish. The inner cornea arises 
from subcutaneous tissues and later fuses with the outer on 
metamorphosis (Giesbrecht, 1925). 

The eyelids first develop at metamorphosis. They are reduced 
in some aquatic Salientia and entirely absent in two genera of 
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pipid toads. The upper eyelid of Amphibia is merely a thick 
fold of integument incapable of independent movement. The 
lower eyelid undergoes various modifications within the group. 
In some urodeles, such as Hydromantes italicuSj the lower eyelid 
lacks muscles, but in others, as Triturus, strands from the M. 
periorbita penetrate the temporal and nasal sections of its upper 
edge (Franz, 1924). The upper portion of the lower lid is thinned 
and slightly folded on itself in our common newt. The folding is 
carried further in the primitive Salientia until finally, in Rana and 
many other frogs, it is a thin, translucent membrane which 
folds inside the thicker lower part, the whole structure being 
N-shaped in cross-section. The upper part is called the “nicti- 
tating membrane,” although it seems to have arisen wholly within 
the Amphibia. It is possibly homologous with the nictitating 
membrane of other vertebrates, however. It arises during 
ontogeny from a small mass of undifferentiated tissue embedded 
within the integument at the anterior border of the tadpole eye. 
Lindeman (1929) has shown that the extirpation of this mass 
prevents the nictitating membrane from forming during metamor- 
phosis, while the removal of the ventral border of the eye results 
in its partial regeneration and a perfect nictitating membrane 
being formed. Hence the anterior mass of tissue appears to be 
alone responsible for the development of the nictitating mem- 
brane. In a few tree frogs both parts of the lower lid are trans- 
lucent or even transparent. The so-called nictitating membrane 
has attached to either end of its thicker upper margin a tendon 
which encircles the greater part of the eyeball. When the eyeball 
is retracted within the orbit, the nictitating membrane by the 
pull of the tendon is automatically drawn up over the cornea. 

It is folded again partly by the protrusion of the eyeball but 
chiefly by the contraction of a special muscle which arises from 

the levator hulbi. 

Correlated with the development of lids, eye glands made their 
appearance for the first time in the Amphibia. Primitively in the 
group a single gland is found extending the length of the lower 
eyelid and opening by numerous ducts on the conjunctiva. 
This condition is found in most Caudata. In Salamandra the 
gland is partly divided into two heads: an anterior Harderian 
and a posterior lacrimal mass characteristic of the higher verte 
brates. In the Salientia only the anterior of these two glan s 
is retained. In the Gymnophiona a single enormously hyper- 
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trophied gland is present occupying the whole eye socket and 
functioning to lubricate the tentacle. Developmental studies 
have shown this gland to arise from the same region as the eye 
gland of urodeles and to be homologous with it. 

The secretion of the eye glands is conducted to the nasal 
chamber by the lacrimal duct. In urodeles it opens on the con- 
junctiva near the inner corner of the eye, while in the Salientia it 
usually opens in the middle of the lower lid. Recently metamor- 
phosed Salientia (Piersol, 1887) and certain primitive Caudata 
(Okajima, 1910) may have the duct opening on the surface of 
the skin near the inner corner of the eye. This seems to be the 
original position of the mouth of the lacrimal duct in Gymno- 
phiona. Lids, eye glands, and lacrimal duct are formed during 
or just before metamorphosis. Their complete absence in the 
perennibranchs is due to the failure of these forms to metamor- 
phose rather than to any secondary degeneration, as many writers 
assume. 

The eyes of many Amphibia, particularly the tree frogs, are 

very beautiful, for the iris, often vividly marked with gold or 

red, is clearly visible through the transparent cornea. Some 

of this pigment is found not in pigment cells but in the smooth 

muscles wiiich bring about a rapid contraction or expansion of the 

iris under the direct action of light. The sphincters lie near the 

aperture in the iris, while the dilators extend radially and lie more 

laterally. The aperture, the pupil, varies greatly in form 

throughout the Amphibia and has been used by systematists in 

defining natural groups of Salientia. It is horizontal in most 

frogs and toads, vertical in the Spadefoot Toads, while in certain 

genera of discoglossids and Hylidae it may be three- or four- 
cornered. 

Accommodation.— The eyes of Amphibia are of considerable 
phylogenetic interest in that the mechanism of accommodation 
is intermediate between that of fish and Amniota. The lens lies 
behind the iris and is held in place by a series of delicate radiating 
fibers which extend from the outer margin of the lens to the ciliary 
body, a vasculated fold of the inner coat of the eye capsule. The 
eye at rest is moderately farsighted. Accommodation is accom- 
plished not by a change in the form of the lens as in Amniota but 
by a change of its position as in fishes. In frogs a dorsal and 
ventral protractor lentis (Fig. 119) is present in the ciliary fold 
Its contraction moves the lens outward, not inward as does the 
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lens muscle of fishes. In urodeles there is only a single ventral 
muscle lying in a papilla. This functions the same as the ventral 
protractor of frogs and is considered by Tretjakoff (1906) to be 
homologous with it. The urodele protrcu^tor is believed by Plate 
(1924) to be homologous with the fish retractor, and hence the 
Amphibia may owe this system to their piscine ancestors. In 

all Amphibia there is a second 
muscular system which is not 
found in fish. This is the 
tensor chorioideae , a series of 
meridionally arranged fibers in 
the periphery of the ciliary 
region. Streuli (1925) 
believes this functions antag- 
onistically to the protractor, 
but Beer (1899) and Plate 
(1924) present evidence to 
show that it functions in mov- 
ing the lens in the same direc- 
tion. The tensor chorioideae 
becomes the ciliary muscle of 
the eye in amniotes (Plate, 
1924). 

The extent of accommoda- 
tion varies with the species 
but shows some correlation 
with the species habits. It is 
apparently greatest in the ter- 
restrial Bufo and least in such 
aquatic forms as Bombina. 

Newts have been reported to be nearsighted on land but not in 



Fiq. 119. — Vertical meridian section 
of a frog's eye, showing muscles of 
accommodation. C., cornea; /., iris; 

L. , lens; M. protractor lentis; 

M. T.C., M. tensor chorioideae; P.C.R., 
pars ciiiaris retinae; R., retina; R.V., 
ring vessel; Z.C., zonula ciiiaris. (After 
Tretjakoff.) 


Retina. — ^The eye is fundamentally unlike other sense organs 
in that the retina is not directly evolved from the external ecto- 
derm but from part of the central nervous system. It a™®® m 
phylogeny from an aggregation of direction eyes (Parker, ) 
which were inverted on the development of a tubehke centra 

nervous system. Thus the rods and cones, the only photosensitive 

cells in the eye, are directed away from the lens and light passes 
through several layers of nerve fibers and their nuclei ^ we as 
much supporting tissue before reaching the sensitive ce s. 
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Between lens and the innermost of the retinal layers is a solid 
mass of transparent connective tissue, the vitreous humor. This is 
penetrated by a network of fibers and blood vessels and covered 
by a thin membrane in the frogs. In the urodeles the fibrous 
material is less developed. The outer chamber of the eye, that 
between cornea and lens, is filled by a watery fluid, the aqueous 
humor. 

The retina consists of an outer pigmented epithelium against 
which the rods and cones abut. The nuclei of the rods and cones 
form a layer immediately central to them. Their axons do not 
connect directly with the optic nerve, but two successive layers 
of neurons are intercalated. The eye is the only sense organ 
which contains such connecting neurons within its limits. The 
rods are of two kinds in Rana: red with a long, and green with a 
short outer segment. The latter type of rod is lacking in Nec- 
turus, Salamandra, and various other urodeles. Rods of the 
former type owe their color to the visual purple which quickly 
bleaches in light, the products of this decomposition inducing an 
excitation in the rods. The visual green is allied to visual purple 
and has the same function. Cones arc smaller than the rods and 
less numerous. They are believed to function in color vision, 
different cones being stimulated by light of different wave lengths. 
Form perception is accomplished by the stimulation of both rods 
and cones in the different parts of the retina. 

Rods and cones consist chemically and physically of two 
parts, the outer and inner segments (Fig. 120). The outer 
segment, which is strongly refractive, is in the form of a cylinder 
in the rods and of a peaked cap in the cones. The inner segment 
is characterized in frogs and toads by a planoparabolic lenslike 
structure. In urodeles there are present two lenslike bodies, 
a proximal biconvex body, fitting into a distal planoconcave 
body, the ellipsoid. Further differentiations have been recorded 
in the rods and cones of Amphibia (for review see Arey, 1928). 
I he cones contract on exposure to light, even when not fully 
differentiated (Detwiler, 1923). Double cones are regularly 
present in the eyes of various urodeles, and as the members of 
each pair differ in size, they probably have different functions. 
The eyes of salamanders function not only during development 
but apparently also during degeneracy. Those of cave sala- 
manders having a very degenerate retina may be sensitive to light. 
Dubois (1890) found that while the skin of Proteus is very sensi- 
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tive to light, the latent period of reaction was more than doubled 
by covering the vestigial eyes with lamp black. On the other 
hand, Obreshkove (1921) concluded that the well-developed 
eyes in the tadpoles of Rana clamitans played no part in the 
responses of the tadpoles to light. Probably under other con- 
ditions of illumination the eyes would have important functions. 

Rods and cones are evenly distributed over the retina of Nec- 
turus (Palmer, 1912), but in Rana a thickened portion of the 
retina seems to mark a region of acute vision since cones are 
especially abundant here. Chievitz (1889) reports two species 
of Bufo as having a shallow depression in this region, an incipient 



Fig. 120. — Visual cells of a salamander. The rods and cones from the retina 
of a larval Ambystoma. Bic.B., paraboloid: C.N., cone nucleus; D.C., ou e 
cone; El., ellipsoid; O..S.C., outer segment of cone; O.S.R., outer segment ol roa. 
R.N,, rod nucleus. {After Detwiler and Laurens.) 

fovea developed in species known to have a better vision than 
Rana. 

Keenness of vision is dependent not only on a focusing ^ ^ ® 
lens in such a way that a clear image is thrown on the retina ut 
also on proper illumination of the retina. In strong light t c 
iris rapidly contracts and the pigment cells in the retina sen ou 
processes which cut down the amount of light reaching t e ro s 
and cones. The dark-adapted eye of the frog exhibits not only a 
contraction of the pigment cells but a rod contraction an a cone 
elongation. The pigment contraction is, however, influenced by 
temperature. Less contraction is found to accompany 
at high temperatures than at low temperatures in t e ar 

(Detwiler and Lewis, 1926). 
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Some species of Amphibia are diurnal, but their retinas have 
not been investigated to determine whether they differ from those 
of nocturnal relatives. It may be noted, however, that some 
forms, such as Necturus and Gyrinophilus, which are primarily 
if not entirely nocturnal, possess both rods and cones. A few 
frogs have an appendage from both the upper and lower margins 
of the pupil. Its chief function would seem to be secretory and 
not the masking of Ught from the retina. 

Degeneration of the Eye. — In addition to the usual six eye 
muscles of vertebrates, the Amphibia possess a special retractor 
bulbij which pulls the eyeball within the orbit, and a levator bulbi, 
which raises the eyeball again. In blind vertebrates the eye 
muscles frequently degenerate. In caecilians the typical eye 
musculature has been modified by the degeneration of some 
muscles and nerves and by the transfer of others to adjacent 
regions where they have different functions. The retractor bulbi, 
is transformed into a retractor tcntaculi; the rectus internus, into a 
retractor of the tentacular sheath; and the levator bulbi, into 
compressor and dilator muscles of the orbital glands (Norris, 
1917). 

In addition to most burrowing Gymnophiona, which exhibit 
various stages in the degeneration of the eyes, there are three 
other Amphibia, species of salamanders, all inhabitants of caves, 
which are blind in the adult stage. The European Proteus has 
been most extensively studied. Its eye is essentially a case 
of arrested development (Schlampp, 1892; Kohl, 1895), although 
certain degenerative changes have occurred. The American 
Typhlomolge exhibits further degenerative changes. The eye 
muscles and lens have vanished; retina and vitreal cavity are 
greatly modified. Probably in Typhlomolge, as in Typhlotriton 
and Proteus, the eye develops normally until a certain stage when 
growth is checked, differentiation ceases, and degenerative changes 
arise. 

Ears. — The most primitive embolomerous Amphibia swam in 
the aquatic medium of their fish ancestors and were equipped with 
an ear apparatus only slightly different from that of fish. With 
the development of land life the gill pocket between mandible 
and hyoid no longer broke through to the outside as a spiracle, 
but its end abutted against the integument in the spiracular region. 
The integument of this spiracular region became, then, thinned. 
The resulting drum head, or tympanum, characterizes most 
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Salientia, although a few have the integument unmodified 
and separable from the underlying drum, and many burrow- 
ing or aquatic types as well as all the urodeles lack both drum and 
middle ear. This might be considered evidence that the urodeles 
sprang from aquatic or burrowing ancestors. Amphibia were 
primitively equipped with a tympanum which was fully exposed 
on the side of the head. It is curious that in one frog {Rana 
cavitympanum of Siam), the tympanum has sunk below the 
surface and lies at the end of an external ear opening as in 
mammals. 

In the first land vertebrates as well as in their immediate 
ancestors, the support of the lower jaw was shifted from the 




Fio. 121. — Diagram of the sound transmitting apparatus of an aquatic larval 
(/I) and a terrestrial adult salamander {B). Col., columella; F.V., fenestra 
vestibuli; H.A., hyoid arch; L.S-C., ligamcntum squamoso-columellare; M.L., 
skeleton of the lower jaw; M.Op., musculus opcrcularis; Op., operculum: Pq., 
palatoquadratum; Sq., os squamosum; S.S., suprascapula; St.C.p stilus coluniellae. 
{After Kingsbury and Reed.) 

hyomandibular to the quadrate. The freed element sank into 
the spiracular cavity and assumed a new function of transmitting 
sound vibrations from the tympanum to the ear capsule. In 
Eogirinus, this hyomandibular, now called a “columella, 
merely abutted against the ear capsule, but very early in laby- 
rinthodont phylogeny a fenestra was formed which increased the 
efficiency of transmitting vibrations to the perilymph, the fluid 
surrounding the membranous labyrinth or inner ear. 

Modern Amphibia show in their ear apparatus some evidence 
of terrestrial ancestry. In addition to the columella which 
has its platelike proximal end fitting into the fenestra vestihuliy 
there is present primitively in both frogs and urodeles a second 
bony or cartilaginous plate in the same fenestra. This element, 
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the operculum, is primitively not attached to the columella but 
is equipped with a muscle which attaches to the shoulder girdle 
and serves to transmit vibrations from the ground via the forelegs 
to the perilymph (Fig. 121). The operculum usually develops 
first at metamorphosis and is, therefore, absent not only in 
larvae but also in most of the perennibranchs. In Amphiuma 
and Necturus (Reed, 1920) it is present but fused to the columella. 
In aquatic Amphibia the operculum and its muscle would be 
practically functionless. Hence, it is not surprising to find 
operculum and columella fused in Pipa. In metamorphosed 
urodeles of the more advanced families, the columella undergoes 
various modes of degeneration, any one mode being usually 
found throughout a natural group of genera (Reed, 1920; Dunn, 

1922). 

The loss of the outer and middle ear in burrowing toads such 
as Pelobates does not seem to inconvenience them during the 
breeding season, for the loud calls of the males would be readily 
transmitted through the water in which the sexes congregate 
during the breeding season. The degeneration of the Eustachian 
tube in Bombina and Pelobates has not gone so far as it has in 
the urodeles. Both possess a tube (Litzelmann, 1923), but it 
never widens out to form a middle ear. The rudimentary ear 
ossicles and the absence of Eustachian tubes in Ascaphus would 
seem to be correlated with a mountain-brook life where acoustic 
conditions are obviously bad. Ascaphus, however, apparently 
lacks a voice entirely. 

Inner Ear. — The inner ear in all vertebrates is primarily an 
organ of equilibrium. In fishes this organ is also able to detect 
certain vibrations. With the development of land life in the 
Amphibia, a special organ of hearing is evolved out of part of it. 
The inner ear, being fundamentally a part of the lateral-line 
system, arises as a placode on either side of the hind brain. 
It forms a vesicle and, propelled by not clearly understood factors 
(Streeter, 1921), leaves the skin and migrates to its final position. 
There it eventually becomes surrounded .by cartilage, which 
is incorporated into the skull as the otic capsule. The vesicle 
thins to form the membranous labyrinth and remains separated 
from the otic capsule by a lymphlike fluid, the perilymph. The 
labyrinth itself is not hollow but filled with a similar fluid. In 
forming the labyrinth the vesicle becomes constricted into a 
dorsal utriculus and a ventral sacculus. In some frogs the 
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sacculus may be constricted into a smaller upper and a larger 
lower vesicle. 

The utriculus gives rise to the semicircular canals which are 
arranged in the three planes characteristic of all gnathostomes 
(Fig. 122). The anterior and posterior canals are arranged 
vertically and at an angle of 90 degrees to one another and 45 
degrees to the median plane of the animal's body. The third 
is at right angles to the other two and lies horizontally on their 
outer side. The sacculus develops a small evagination, the 
lagena^ which is destined to form the cochlea of higher vertebrates. 



C. S. L. 


Fio. 122. — Membranous labyrinth of the inner ear of M egalobalrachus japoni- 
cus. The left labyrinth viewed from the outside. Amp. A., ampulla anterior: 
Amp.L., ampulla lateralis; Amp.P., ampulla posterior; C.S.A., canalis semicircu- 
laris anterior; C.S.L., canalis semicircularis lateralis; C.S.P., canalis semicircularis 
posterior; D.End., ductus endolymphaticus; Lag., iagena; N.Ae., nervus acusti- 
cus; P.Bas., pars basilaris; P.Neg., pars neglecta; R.Ut., recessus utriculi; Sac., 
sacculus. {After Okajima.) 

The sense organs arise from a common anlage which divides into 
seven or eight areas. A patch of sense cells comes to lie at one 
end of each of the semicircular canals. Each is covered by a 
gelatinous cap, the cupula^ and the canal at this point is swollen 
into an ampulla. The uiriculits becomes equipped with a macula 
utriculi and a smaller m. neglecta (which is doubled in the caecili- 
ans), the sacculus retains a macula sacculi and a papilla lagenae. 
These four sense areas of the utriculus and the sacculus have 
the sense cells extended into long processes over which lie a 
gelatinous cover and in addition a layer of “hearing sand,” 
crystals of calcium carbonate. Amphibia differ remarkably 
from fish in possessing an additional sense area, the papilla 
basilarisj which splits off from the papilla lagenae. It is covered 
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by a movable tectorial membrane (Fig. 123) and would seem to 
serve as the chief organ of hearing. This organ is lacking in 
many perennibranchs and is best developed in Salientia where 
it lies in a small evagination of the lagena. A second hearing 
organ of Salientia and of certain primitive urodeles including 
Ambystoma (Norris, 1892) is the macula neglecta which in these 
forms is also covered with a tectorial membrane. 


t. P. 


M. T. 


The papilla basilaris alone of the sense areas was destined for 
elaborate specialization in 
phylogeny, for it alone has de- 
veloped into the organ of sharp 
hearing found in mammals and 
birds. Plate (1924) suggests 
that this may have been due to 
its more favorable position near 
the perilymphatic duct and 
near a thin place in the sacculus 
wall which would readily permit 
the transference of vibrations s. c. 
from the perilymph to the 
endolymph. 

An advance of obscure func- 
tional significance over the 
conditions in the fish ear is 

found in the perilymphatic duct. i 23 .-Cro 33 -section through 

c J r papilla basilaris of the newt, Trxturus 

This grows out from the mesial cru-^o/us. H., sensory hair; H.C.y hair 



H. C. 


cell; L.P., lamina propria; M.T., mem- 
brana tectori; S.C., supporting ceils. 
{After Proebating.) 


wall of the sacculus and into the 
brain cavity. In the Salientia 
it forms with its mate a ring 

around the hind brain, and continues posteriorly as an unpaired sac 
along the spinal cord as far as the seventh vertebra. Its wall, 
which may become partitioned by many septa, secretes a cal- 
careous fluid which distends the sac to form a series of white 
diverticula overlying the spinal ganglia. It has been said that 
this enormous supply of calcium carbonate was utilized by grow- 
ing bone, but Herter (1922) showed that tadpoles deprived of 
these sacs grew as well as the controls. Possibly the vertebral 
sacs transmit vibrations impinging on the back. They are lack- 
ing in Bombina and Discoglossus, although present in most higher 
Salientia, (Whiteside, 1922). The endolymphatic sacs of each 
side may or may not fuse in the urodeles and the type of modifica- 
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tion agrees closely with the phylogenetic scheme (Dempster, 
1930). The sacs never extend into the neural canal of the verte- 
brae in urodeles, and this restriction is correlated with poorly 
developed auditory powers in this group. 

*1 he several parts of the inner ear are supplied by branches of 
the eighth cranial nerve. The sense areas are formed of two kinds 
of cells; a flask-shaped sense cell, ending in a hairlike point, and a 
narrower supporting cell. Sound vibrations are transmitted 
through the ear ossicles to the perilymph which in turn transmits 
the vibration to the membranous labyrinth including the tectorial 
membranes overlying the two sense areas believed to be espe- 
cially sensitive to sound waves. 

Functions of the Ear. — The inner ear was originally an organ 
of equilibrium, and in all vertebrates it has a very important 
function to p)erform in this capacity. Tree frogs on swaying 
limbs or salamanders in the swirl of mountain streams make 
reflexly the proper movements to maintain their equilibrium. 
The sense cells are stimulated when the animal is thrown to one 
side or even when it is rotated slightly from a proper balance. 
(Compensatory movements of limbs, body muscles, and eyes are 
automatically called forth by the nervous impulses initiated 
from the stimulated sense cells. 

There is still some uncertainty as to the specific functions of 
each of the sense areas. McNally and Tait (1925) have pre- 
sented evidence to show that in frogs the semicircular canals 
detect quick or slow movements of direction in either a straight 
or an angular course. Each vertical canal is associated with 
the limb of that quarter of the body toward which it faces, 
the anterior pair controlling the forelimbs and the posterior 
pair the hind limbs. Stimulation of a vertical canal brings forth 
an extension of the particular limb of that quarter. Stimulation 
of a horizontal canal leads to a movement of at least two and 
usually four limbs. Thus, the semicircular canals and their 
associated nerves are mechanisms which prevent stumbling or 
toppling over in any direction away from the normal position, 
and they react with great speed in bringing about a compensatory 
movement of the animal’s limbs and body. The utricular macula^ 
on the other hand, is an organ of static equilibrium which notes 
deviations from the normal direction of the pull of gravity. The 
saccular macula is not in any way concerned with equilibrium 
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and hence would seem to play some part in recording sound 
vibrations. 

There have been many experiments on removing parts of the 
inner ear and noting the effect on an animal’s movements. 
From these it is not clear that the utricular macula is the only 
organ of static equilibrium (Pike, 1923; Fischer, 1926). The 
different results may be due in part to injury to adjacent areas. 
Removal of the whole ear brings about forced movements and 
attitudes. The head and body are bent toward the operated 
side (Greene and Laurens, 1922), and the legs of the opposite side 
assume an extended and braced position. The ear is closely 
associated with the tonus reflexes of the musculature, and some 
of the movements it conditions are due to changes in these 
reflexes. In the course of time, irregularities of locomotion 
caused by the removal of one of the ears of tadpoles may be in 
part corrected (Streeter, 1906). This would seem to be due to 
learning to use the eyes as an aid to equilibrium. Herter (1921), 
however, is of the opinion that the sense of touch may be utilized 
by some tadpoles in learning to correct the locomotor disturbances 
resulting from a loss of one labyrinth. Streeter found that if 
both ear vesicles of the wood frog were removed at an early 
stage of development, the tadpoles were never able to swim 
effectively. 

When frogs are rotated on a revolving table they make com- 
pensatory movements with their heads. This may be due not 
entirely to a stimulation of the labyrinth but also to visual 
stimuli. Gruenberg (1907) arranged frogs in a stationary 
position and revolved a cylinder of various figures and colors 
about them. The frogs made compensatory movements similar 
to those made when the table was rotated and the environment 
was stationary. The response to the visual stimulus, however, 
was relatively weaker and slower than that to the dynamic 
stimulus of rotation. Thus, the labyrinth mechanism is the 
chief organ of equilibrium whether or not it receives support 
from the eyes. 

Other Internal Mechanoreceptors. — The receptors which 
induce a state of hunger in ourselves and which produce impulses 
calling forth food-seeking reactions in frogs and other Amphibia 
are located in the walls of the stomach and are stimulated 
by hunger contractions of the empty stomach. No distinctive 
types of receptors have been described from this region. Many 
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nerves send branched arborizations among the muscles, however, 
and these apparently also serve as pressure receptors. Some 
afferent nerves in various parts of the body end in bulbous end 
organs in tendons and joints. Stimulations from these organs, 
produced by pressure or pull of adjacent tissues during locomotion, 
play an essential role in the coordination of bodily movements. 

Dominant Senses. — A well-developed sense organ would be 
considered good evidence that the sense in question played an 
important part in the life of its owner. An examination of the 
structure of the sense organs in Amphibia gives no clear evidence 
as to which are the dominant senses. Experiments on common 
forms, however, have shed some light on this question. Amphibia 
may respond to stimulations in the laboratory which they never 
receive in nature. If a weak electric current is passed through 
an aquarium, tadpoles will swim or at least turn toward the 
anode (Scheminsky, 1924) in the same automatic way moths 
seek a flame. Most responses of Amphibia have a decided 
utility, however, which may be considered together with the 
response. 

Smell, Taste, and Common Chemical Sense. — Food is detected 
by most Amphibia chiefly by sight. It has been demonstrated 
that some Amphibia are able to detect and to locate food by smell 
alone (Copeland, 1913; Burr, 1916; Nicholas, 1922). Newts 
which live both in and out of water are capable of smelling in 
both media (Matthes, 1924). Newts approach and nose quies- 
cent edible objects, and feeding reactions are elicited only if the 
olfactory stimulations are adequate. Common toad tadpoles 
react to olfactory stimulation, but adults make no response 
(Risser, 1914). Although all toads are more or less crepuscular 

and some are apparently nocturnal, Risser found that B. ameri- 
canus would not eat food in the dark. Locher (1927) noted that 
feeding reactions could be induced in Bufo calamita by motion- 
less odorous objects, and hence within the genus Bufo, species 
may vary in their olfactory abilities. No doubt burrowing 
toads with well-developed olfactory organs must depend to a 
large extent on odors in detecting their prey. The absence of 
olfactory powers in some toads is surprising in view of the well- 
developed “nose-brain” of these and other Amphibia. The 
larvae, however, of toads and other Amphibia, have acute 
olfactory powers. Apparently the sense of smell in most amphib- 
ian larvae is of the same order if not so keen as that of fish. 
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This alone might account for the generous endowment of nose 
brain. 

The sense of taste is very closely allied to that of smell. The 
amount of stimulating substance is, of course, usually greater 
in the case of taste, and the central connections in the brain are 
totally different. The response to the stimulation of a taste 
bud in Amphibia is a snapping or swallowing reaction, while 
that to an olfactory stimulation is a movement of head or body. 
These different responses are due to the different connections 
of sense organs with motor tracts in the two cases. The Giers- 
bergs (1926) have shown that the European newts can distin- 
guish various taste qualities. By cocainizing part of the nerve 
endings in the tongue, they demonstrated that the tongue could 
be made insensitive to quinine while remaining sensitive to salt 
and acid. This suggests a certain specificity in the different 
taste buds. Some tadpoles, such as those of the Wood Frog 
and Spade-foot Toad, prefer meat to a vegetable diet. Obnox- 
ious substances are often rejected by adult frogs. Still, adult 
Amphibia are such indiscriminate feeders that they would seem 
to have little need of a well-defined sense of taste. 

The chief chemical sense which controls the general movements 
of Amphibia is probably neither smell nor taste but a common 
cutaneous sensitivity which occurs in our own bodies only on 
exposed mucous surfaces. Such a common chemical sense has 
been demonstrated in the frog and in Necturus (Sayle, 1916). 
It is difficult to conceive the sensation which must come from the 
entire surface of an amphibian’s body as the animal moves into 
waters of a different acidity. 

Whatever may be the nature of the sensations received from 
the skin of Amphibia, there is a considerable evidence to indicate 
that the tonus of the muscles is maintained by excitations 
received from this body cover. Wertheimer (1924) showed that 
removing a section of the skin from the thigh of a frog lessens 
the tonus of the adjacent muscles. Brief immersions of the 
frog’s leg in a solution of novocaine had the same effect, while a 
return to water brought the tonus back to normal. 

Hearing. — One of the most impressive sounds of nature is the 
great choruses of frogs in the spring. These arise from the 
voices of males and serve to attract females and other males to 
the breeding grounds. There is no doubt that some sounds have 
considerable significance in the life of frogs. Many male frogs 
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kept in aquaria will call at the sound of splashing water even 
long after their breeding season. But at the sound of the human 
voice most Amphibia show no response other than a slowing 
down of the respiratory rate in some forms. What significance, 
therefore, has sound in the ordinary course of their lives? 

Yerkes (1905) showed that sounds had a pronounced indirect 
effect on the common frogs, Rana, for if a tactile stimulation 
accompanied or soon followed the sound, the response was 
greater than it would have been without the sound. The 
frog responded to sounds of from 50 to 10,000 vibrations a second. 
Yerkes found that the reinforcing influence of sound was greatest 
during the breeding season. In one case the influence of the 
sound of a wooden gong was much increased by the operation of 
cutting away columella and tympanum. This is of interest, for 
some frogs, such as Pelobates, lose the columella in the adult and 
nevertheless are apparently fully able to hear sounds of their 
breeding companions calling in the water. That frogs without a 
columella can really hear and not merely feel the sound vibrations 
was shown by the fact that Yerkes obtained no further reinforcing 
influence when the eighth nerve was cut. 

Bruyn and Van Nifterik (1920) have extended these observa- 
tions to the European toad. In the case of Rana clamitanSj 
Yerkes found that if the sound was produced more than one 
second before the tactile stimulation no reinforcing influence was 
induced. In the toad, Bruyn and Van Nifterik found that there 
was a great influence even at an interval of 10 seconds. This 
difference of the influence of sound in Rana and Bufo is correlated 
with their mode of life. The toad is a roaming terrestrial 
animal, and sound is of much greater significance to it than to 
the aquatic frog. Once an insect has given away its location by 
a sound, the toad is on the qui vive and holds this tuning of 
its muscles longer than the frog. In higher vertebrates the 
retention of the sound stimulus is of long duration, and hence the 
toad may be said to be mentally “higher'* than the frog. What 
the significance of sounds may mean to tree frogs which locate 
their prey at long distances, or to fossorial toads which make little 
use of their eyes, has not been demonstrated. Patterson (1920) 
found that a whistle caused only slight inhibition of the normal 
gastric movements of the bullfrog. It would be interesting to 
know if sounds do not influence the stomach contractions o 

terrestrial frogs to a greater extent. 
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A sense of hearing has been claimed for some salamanders 
(Cochran, 1911), but Kuroda (1926) failed to demonstrate it by 
laboratory methods. The structure of the auditory apparatus 
suggests that salamanders receive vibrations transmitted through 
the lower jaw from the substratum when, as larvae, they rest on 
the bottoms of ponds. In adult life, vibrations are largely 
transmitted through the forelimbs of salamanders. It is prob- 
able that sense organs other than the auditory are especially 
significant as a warning mechanism in these forms. Unfor- 
tunately, the hearing of purely terrestrial salamanders has not 
been tested by laboratory methods. Kuroda experimented 
with Triturus and Hynobius. He failed to obtain in them the 
changes in respiratory movements induced in Rana and Bufo 
by a ringing of a bell suspended from the ceiling. Although this 
can hardly be considered final proof of deafness, it must be 
concluded that a sense of hearing has not been adequately demon- 
strated in the Caudata. Vibrations of low frequency in the water 
stimulate the lateral-line organs. These can be considered neither 
tactile nor auditory organs. 

Vision and Sensitivity to Light. — Most Amphibia avoid a 
strong light, and many species are nocturnal. The skin of both 
frogs and urodeles is sensitive to light rays, even to those which 
have been passed through water and freed of all heat waves. 
Such light apparently does not produce a painful irritation, for 
frogs and salamanders after seeking a retreat in a dark cranny 
will frequently turn and face the light. Further, frogs which 
had their eyes and cerebral hemispheres removed were found to 
turn and jump toward the source of light (Parker, 1903). In 
salamanders the skin of the appendages seems more sensitive 
to light than that of the body. 

The movement of Amphibia toward or away from light has 
been assumed to be a tropistic response. Photosensitive 
material is apparently present in the skin and is connected by 
nerves with the muscles of limbs and body. The tension of 
homologous muscles on the two sides of the animal is influenced 
in the same mechanical manner as gravity affects them through 
the intermediary of the internal ear. The animal will turn 
until the tension on the two sets of muscles is the same and will 
then continue in as straight a line as the imperfections of its 
locomotor apparatus permit. It seems probable that the skin 
rather than the eyes serves as the control station receiving the 
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light waves and directing the tension in the appropriate muscles, 
for Cole (1907) showed that a frog possessing only one eye will 
orientate itself toward light in the same manner as normal 
frogs. The tropistic response is influenced considerably by 
external factors. In Necturus the reaction time varies inversely 
with the temperature (Cole, 1922). Torelle (1903) found that 
Rana pipiens and Rana clamitans are positive to light at ordinary 
temperature, while below lO^C. they are negative. This is 
doubtless one of the factors inducing frogs to hibernate in the 
fall. 

There are marked differences in the reactions of different 
species to light and these are largely responsible for their dis- 
tribution during the day. The larvae of Ambystoma maculaiumy 
which frequent sunny pools, are positively heliotropic, while the 
nocturnal larvae of Eurycea lucifuga and Necturus maculosus 
are negative. The marked preference of certain frogs for green 
or blue light (Pearse, 1910) might account in part for their 
hunting for insects among green grass instead of along exposed 
shores of the pond. Frogs, toads, and the newt have a color 
vision similar to that of man (Hess, 1910, 1912). They are 
able to see food placed in the blue, green, and the red region of 
the spectrum with the same acuity as the human eye in a similar 
state of adaptation. Further, they have the power of adaptation 
of the retina to darkness which resembles but does not equal that 
of man. 

The phototropism of the Amphibia is overriden by responses 
to the field of vision. Regardless of the tropistic action of the 
light, frogs and toads are usually attracted by a small object 
moving in the field and will attempt to seize and swallow such an 
object. But the reaction to these details of the field of vision 
are again influenced by other factors. Periods of hunger, 
sexual activity, fatigue, and low temperature may greatly alter 
the results. Cole (1907) found that at temperatures of 6 to 
10®C. Rana clamitans moved toward the smaller of two illumi- 
nated areas but that at higher temperatures it went toward the 
larger. Further, there are less definable causes which alter the 
results. Franz (1913) found that certain frog tadpoles were not 
markedly phototropic when swimming in a large tank. When 
placed in the confined space of a watch glass they orientated 
themselves in the direction of the light. I have found that young 
tadpoles of Hyla versicolor in a large vessel swim toward the 
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light when the water is disturbed, and this may account for 
Franz’s results. The phototropic response may be reversed in 
Amphibia by feeding. Starved newts are negatively phototropic, 
while well-fed ones are either positively phototropic or indifferent 
to light (Stier, 1926). Young toads are negatively heliotropic 
to strong light (10,000ca.m.) and positively to weak light and to 
diffuse daylight and sunlight (Riley, 1913). A similar differen- 
tial effect of strong and weak light may account for the well- 
known fact that many Amphibia after seeking a dark retreat 
turn and face the light. Riley found that if a toad was stimu- 
lated by contact with another toad, the former usually turned 
and jumped away but frequently followed up the avoiding 
reaction by a definite response to light. Thus, mechanical 
stimulation may furnish the impulse to locomotion but light is 
effective in determining the direction of movement. Young 
toads are notably diurnal, while old individuals tend to be 
crepuscular or nocturnal in their activities. Laboratory and field 
observations have not always been in so close agreement. Lau- 
rens (1914) was unable to recognize any phototropic response in 
Rana pipiens and Rana sylvaiica tadpoles, and yet the former 
frequently bask in shallow water. This may, however, be a 
temperature response. Cole and Dean (1917) showed that in 
Rana clamitans there was a change in phototropisni with age. 
The young tadpoles were indifferent, the older larvae positively 
phototropic. No doubt species differ enormously in the photo- 
tropic responses of their larvae. 

Amphibia depend, to a large extent, on their vision as the chief 
means of obtaining food and avoiding danger. Choruses of 
frogs usually cease on the appearance of an intruder, while they 
are less affected by the noises he might make. The details of 
the visual field may have considerable significance for a frog 
which has learned the shape of an object on which his food may 
be expected (Biederman, 1927). The size as well as shape of an 
object also has significance. Frogs catch insects on the wing. 
Salamanders and toads cautiously stalk a fly until within reach 
of the tongue. They pause before the snap probably for the 
purpose of better fixation (Whitman, 1898). Vision with its 
enriched sensory relations gives the Amphibia a great range of 
possible responses to their surroundings and this range increases 
the opportunities for learning certain tricks in preference to 
others. 
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Rheotropism, — Many salamanders and some frogs live more 
or less in streams. When in the water such animals will usually 
head upstream and make some effort to stem the current. It 
has usually been assumed that stream animals tend to keep their 
visual fields the same and that their locomotory efforts against 
the current are made for this purpose. But Steinmann (1914) 
has reinvestigated the problem in tadpoles and newts and 
would attribute the rheotropic response to compensatory reflexes 
initiated by the labyrinth. Amphibia, being bilaterally sym- 
metrical, tend to move in a straight line. Each deviation stimu- 
lates the labyrinth to make compensatory reflex movements of 
the muscles to bring it back to the original position. The lateral- 
line organs, eye, ear, nose, and other sense organs, exert a supple- 
mentary influence on muscle tone. If the homologous sense 
organs of either side of the body are equally stimulated, the 
muscle tone of the two sides remains the same. Hence, in a 
stream, Amphibia would head into the current automatically, if 
in contact with the bottom, in order that the stimulation on both 
sides of the body might be the same. Steinmann did not work 
with typical stream Amphibia and it is possible that these might 
respond more to the visual field than the pond forms investigated 
in regard to their responses to current. 

Thigmotaxis. — Most Amphibia, being nocturnal, are found 
during the daylight hours only under logs, stones, and other 
debris. Small Appalachian streams in which not a single 
salamander may be seen during the day are frequently alive dur- 
ing the night with Desmognathus of several species. Toads and 
other terrestrial Salientia usually hide away during the daylight 
hours in some crevice or burrow. This tendency of Amphibia 
to hide is not merely the manifestation of a negative photo- 
tropism. Some species appear to be more or less positively 
thigmotactic, that is, possess a tendency to move into situations 
which will bring a considerable surface of their bodies in contact 
with solid objects. Desmognathus fuscus^ for example, will take 
refuge in glass bottles left lying on the surface of the soil exposed 
to the light, usually orientating the body with head toward the 
mouth of the bottle (Wilder, 1913). The larvae of the Blind 
Salamander, Typhlotriton, has been said to exhibit a greater 
positive thigmotaxis than negative phototropism, but observa- 
tions by Mrs. Pope and myself have failed to confirm this con- 
clusion. The larvae will frequently lie quietly in grooves for 
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considerable periods, however, even when exposed to illumina- 
tions avoided by the species. There is thus a certain thigmotactic 
response in Typhlotriton larvae even though their reaction to 
light plays a more important role in sending them to cover. 
The same is probably true of most nocturnal Amphibia. 

Responses to Internal Stimulation. — The daily movements of 
Amphibia are frequently initiated by stimulations from the inter- 
nal organs. If the frog or salamander has not fed for some 
days there is an increase in the amplitude of the hunger con- 
tractions of the stomach. Patterson (1917) has shown that in 
the frog this increase is directly proportional to the length of the 
fast. The gastric hunger movements of the turtle show a 
periodicity, a feature common to higher vertebrates, but both 
Necturus and the Bullfrog exhibit continuous contractions of 
the stomach (Patterson, 1921) and this may be considered a 
more primitive mechanism. The hunger contractions of the 
frog stomach are completely inhibited at temperatures below 
13 and above 35°C. Since between these limits gastric hunger 
movements increase with the temperature, it is apparent that 
environmental temperatures have a direct effect on the food- 
seeking activity of Amphibia. The bodily changes induced by 
anterior pituitary hormone during the breeding season, however, 
may prevent these food-seeking reactions of a hungry frog. At 

least at the height of the breeding season salamanders and frogs 
do not feed. 

Szymanski (1918) found there was a daily rhythm in the 
activity of Ilyla arborea. During July and August there were 
two periods daily of activity, with one peak between 12:00 m, 
and 1:00 p. m. and the other between 8:00 and 9:00 p. m. The 
periods of greatest quiet lay between 5:00 and 6:00 p. m and 5:00 
and 6.00 a. m. It would be interesting to know if the peaks of 
activity were controlled by hunger contractions and whether 
they could be changed by altering the time of feeding. 

Aquatic Amphibia rise frequently to the surface for air. No 
doubt the exhaustion of the oxygen supply in the lungs induces 
reflexes which lead to the replenishing of the lungs with fresh 
air. Amphibia react not only to stimulations impinging upon 
them from without, but they also respond to a continuous stream 
of impulses coming from their muscles and internal organs. 
There are sense organs in the muscles, tendons, and deeper tissues 
of the animal which keep it informed as to its posture. Probably 
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many, if not all, of the impulses from these organs carry no 
sensation with them but induce motor effects automatically. 
Kinesthetic stimulation may play a part in directing the move- 
ments of some Amphibia. Toads which learned their way about 
a glass plate continued for several trials to follow this path even 
after the glass was removed. The toads may have been directed 
by associations involving other sensory mechanisms, however, 
as will be indicated in another chapter. 

Amphibia, with their moist skins, are in continual danger of 
desiccation. Terrestrial forms seek moist situations and absorb 
water through their skins. Probably increased osmotic pressure 
in the body fluids induced by desiccation releases moisture- 
seeking movements. Special sensory receptors concerned with 
the sense of thirst have not been described in any vertebrate, 
nor have any cutaneous sense organs been reported to be espe- 
cially differentiated for detecting differences in humidity. 

References 

Anton, Wilhelm, 1908: Boitrag zur Alorphologie des Jacobsonschen Organs 
und der Nasenhohle der Cryptobranchiaten, Morph. Jahrb., XXXVIII, 
448-470. 

Arey, L. B., 1928: Visual cells and retinal pigment, "Special Cytology," 
II, 889-926, New York. 

Beer, Thomas, 1899: Die Accommodation des Auges bei den Amphibien, 
Arch. Ges. Physiol. LXXIII, 501-534. 

Biederman, S., 1927: Les sens et la memoire des formes d’un objet chez les 
anoures; Tinversion de rhabitudes apr^s ou sans amortissement, 
(L’expdrience optique des batraciens Il-e memoire), Prace Inst. Nenck., 
No. 56, 1-5. 

Bruner, H. L., 1901: The smooth facial muscles of Anura and Salaman- 
drina, a contribution to the anatomy and physiology of the respiratory 
mechanism of the amphibians, Morph. Jahrh., XXIX, 317-364, pi. 

17, 18. 

, 1914: Jacobson’s organ and the respiratory mechanism of amphib- 
ians, Morph. Jahrh., XLVIII, 157-165. 

, 1914a: The mechanism of pulmonary respiration in amphibians with 

gill clefts, Morph. Jahrh., XLVIII, 63-82. 

Bruyn, E. M. M., and C. H. M. Van Nifterik, 1920: Ififluence du son sur 
la reaction d’une excitation tactile chez les grenouillcs et les crapauds, 
Arch. Neer. Physiol. Horn. Anim., Ser. Ill c, V, 363-379. 

Burr, H. S., 1916: The effects of the removal of the nasal pits in Amblystoma 
embryos, Jour. Exp. Zool., XX, 27-57. 

Charipper, H. a., 1928: Studies on the lateral line system of Amphibia; 

I. Cytology and innervation of the lateral line organs of Necturus 
maculosus, Jour. Comp. Neurol., XLIV, 425-448, 3 pi. 


THE SENSE ORGANS AND THEIR FUNCTIONS 349 


Chievitz, J. H., 1889: Untersuchungen iiber die Area Centralis Retinae, 
Arch. Anat. Physiol. {Anat. Abt.), 1889, Suppl. 139-196. 

Cochran, M. Ethel, 1911: The biology of the red-backed salamander 
(Plethodon cinereus erythronotus Green), Biol. Bull., XX, 332-349. 

Cole, L. J., 1907: An experimental study of the image-forming powers 
of various types of eyes, Ptoc. Amer. Acad. Arts Sci., XLII, 335-417. 

, 1922: The effect of temperature on the phototropic response of 

Necturus, Jour. Gen. Physiol., IV, 569-572. 

Cole, W. H., and C. F. Dean, 1917: The photokinetic reactions of frog 

tadpoles, Jour. Exp. Zool., XXIII, 361-370. 

Copeland, Manton, 1913; The olfactory reactions of the spotted newt. 
Diemyctylus viridescens (Rafinesque), yoar. Ayihn. Behav., Ill, 260-273. 

Crozieu, *W. j., 1916: Regarding the existence of the common chemical 
sense in vertebrates, Jour. Coinp. Neurol., XX\ I, 1-8. 

, 1916a: The taste of acids, Jour. Comp. Neurol., XXVI, 453-462. 

Dempster, W. T., 1930: The morphology of the amphibian endolymphatic 
organ, Jour. Morph. Physiol. L., 71-126, pis. 1-4. 

Detwiler, S. R., 1923: Studies on the retina; The identity of the develop- 
ing visual cells in Amblystoma larvae as revealed by their responses 
to light, Jour. Comp. Neurol., XXXVI, 113-122. 

, and R. W. Lewis, 1926: Temperature and retinal-pigment migration 

in the eyes of the frog. Jour. Comp. Neurol., XLI, 153-169. 

Dubois, Raphael, 1890: Sur la perception des radiations lumineuses par 
la peau, chez les Protees aveugles des grottes de la Carniole, Co7npt. 
rend. Acad. Sci., Paris, CX, 358-360. 

Dunn, E. R., 1922: The sound-transmitting apparatus of salamanders and 
the phylogeny of the Caudata, Arrier. Naturalist, LVI, 418-427. 

Dye, W. j. Paul, 1921: The relation of the lateral line organs of Necturus 
to hearing, Jour. Comp. Psych., I, 469-471. 

Escher, Konrad, 1925: Das Verhalten der Seitenorgane der Wirbeltiere 
und ihrcr Nerven beim Ubergang zum Landleben, Acta Zool., VI, 
1925, 307-414. 

Fischer, M. H., 1926: Die Funktion des Vestibularapparates (der Bogen- 
gange Otolithen) bei Fischen, Amphibien, Reptilien und Vogeln, 
Bethe’s “Handb. Norm. Path. Physiol.,” Berlin, XI, 797-867. 

Fleissig, Julius, 1909: Zur Anatomic der Nasenhohle von Cryptobranchus 
japonicus. Anal. Anz., XXXV, 48-54. 

Franz, V., 1913: Die phototaktischen Erscheinungen im Tierreiehe unil 
ihre Rolle im Freileben der Tiere, Zool. Jahrb., XXXIII, Abt. ally. 
Zool. Phy.'dol., 259—286. 

, 1924; Mikroskopische Anatomic der Hilfsteile des Sehorgans der 

Wirbeltiere, Erg. Anat. Entwick., XXV, 241-390. 

Giersberg, H., and K. Giersberg, 1926: Untersuchungen liber den 
Geschmackssinn der Molche, Zeitschr. vergl. Physiol., Ill, 337-388. 

Giesbrecht, Erich, 1925; Beitrage zur Entwicklung der Cornea und zur 
Gestaltung der Orbitalhohle bei den einheimischen Amphibien, Zeitschr. 
Wiss. Zool., CXXIV, 305-359, 2 pi. 

Greene, W. F., and Henry Laurens, 1922: The effect of extirpation of 
the embryonic ear and eye on equilibration in Amblystoma punctatum, 
Amer. Jour. Physiol., LXIV, 120-143, 3 pi. 


350 


THE BIOLOGY OF THE AMPHIBIA 


Gruenberq, Benjamin C., 1907: Compensatory motions and the semi- 
circular canals, Jour. Exp. ZooL, IV, 447-467. 

Grynfeltt, E., 1910: Sur I'anatomie compar6e de I’appareil de Taccom- 
modation dans I'oeil des vert6br6s, Compi. rend. Ass. Anal. Rhin 
Xir, 76-88. 

Herrick, C. J., 1925: The innervation of palatal taste buds and teeth of 
Amblystoma, Jour. Comp. Neurol., XXXVIII, 389-397. 

Hehter, Konrad, 1921: Untersuchungen uber die nicht-akustischen Laby- 
rinthfunktionen bei Anurenlarven, Zeitschr. allg. Physiol., XIX, 335-414. 

, 1922: Ein Beitrag zum Kalksackproblem der Frosche, Anal. Am., 

LV, 530-536. 

Hess, C/., 1910: Untersuchungen uber den Lichtsinn bei Reptilien und 
Amphibicn, Arch. ges. Physiol., CXXXII, 255-295. 

, 1912: Uber Lichtsinn und Farbensinn in der Tierreihe, Arch. 
Psych. Nervenkrankh., L, 597-598, Med. Klin. Jahr., VIII, 1511-1513. 

Hopkins, A. E., 1926: The olfactory receptors in vertebrates, Jour. Comp. 
Neurol., XLI, 2.53-289. 

Kingsbury, B. F., 1895: The lateral-line system of sense organs in some 
American Amphibia, and comparison with the dipnoans, Trans. Amer. 
Micr. Hoc., XVII, 115—146, pi. 1-5. 

Kohl, (k, 1895: Rudimentare Wirbelthieraugen, III Teil, Zusammen- 
fassung, Bibl. Zool., V, 181-274. 

Kukepina, _M., 1926: Entwicklung der primaren Choanen bei Ainphibien, 

1 Teil, Anura., Rev. Zool. Russe., VI, 72-74. 

, 1927: Entwicklung der primaren Choanen bei Amphibicn, II Teil, 

Urodela, Rev. Zool. Russe., VII, 28-30. 

Kuroda, Ryo, 1926: Experimental researches upon the sense of hearing in 
lower vertebrates, including reptiles, amphibians and fishes, Comp. 
Psych. Monog., Ill, 1-50. 

Laubmann, W., 1927: Uber die Morphogenese vom Gehirn und Geruchs- 
organ der Gymnophionen, Zeitschr. Anat. Entunck., LXXXIV, 597-637. 

Laurens, H., 1914: The reactions of normal and eyeless amphibian larvae 
to light, Jour. Exp. Zool., XVI, 195-211. 

Lindeman, V. F., 1929: An experimental study on the nictitating membrane 
of the frog Rana pipiens, Proc. Soc. Exp. Biol. Med. XXVII, 177. 

Litzelmann, E., 1923: Entwicklungsgeschichtliche und vergleichend- 

anatomische Untersuchungen fiber den Visceralapparat der Amphibicn, 
Zeitschr. Anal. Entwick., LXVII, 457—493. 

Locher, Charlotte J. S., 1927: Der Nahrungserwerb von Bufo calamita 
Laurenti, Zeitschr. vergl. Physiol., VI, 378-384. 

Matthes, E., 1924: Weitere Untersuchungen fiber das Geruchsvermogen 
der Amphibicn, Verb. D. Zool. Ges., XXIX, 46-48. 

, 1926: Die physiologische Doppelnatur des Geruchsorganes der 

Urodelen im Hinblick auf seine morphologische Zusammensetzung 
aus Haupthohle und Jacobsonschem Organ,” Zeitschr. vergl. Physiol., 

IV, 81-102. 

McNally, W. S., and J. Tait, 1925: Ablation experiments on the labyrinth 
of the frog, Amer. Jour. Physiol., LXXV, 155-179. 


THE SENSE ORGANS AND THEIR FUNCTIONS 351 


Morgan, Ann H., 1922; The temperature senses in the frog’s skin, Jour. 
Exper. Zool, XXXV, 83-110. 

Nicholas, J. S., 1922; The reactions of Amblystoma tigrinum to olfactory 
stimuli, Jour. Exp. Zool., XXXV, 257-281. 

Niemack, J., 1893: Der ner\mse Apparat in den Endscheiben der Frosch- 
zunge, Atint. Hejte, II, 238—246, pi. 12—13. 

Norris, H. W.. 1892: Studies on the development of the ear of Amblystoma. 
1. Development of the auditory vesicle, Jour. Morph., VH, 23-34, 4 pis. 

, 1917: The eyeball and associated structures in the blindworms, 

Proc. Iowa Acad., XXIV, 299-300. 

Obreshkove, Vasil, 1921: The photic reactions of tadpoles in relation to 
the Bunsen-Roscoe law, Jour. Exp. Zool., XXXI\ , 235-279. 

Okajima, K., 1910: Untersuchungen uber die Sinnesorgane von Onycho- 
dactylus, Zeitschr. IViss. Zool., XCTV, 171-239. 

^ and T. Tsusaki. 1921: Beitriige zur Morphologic des Skleral- 

knorpels bei den I'rodelen, Zeiischr. Anal. Entu\, LX, 631-651. 

Palmer, Samuel C., 1912: The numerical relations of the histological 
elements in the retina of Nccturus maculosus (Raf.), Jour. Comp. 
Neurol, XXII, 40.5-446, 3 pis. 

Parker, G. H., 1903: The skin and the eyes as receptive organs in the 
reactions of frogs to light, Amer. Jour. Physiol, X, 28-36. 

- , 1908: The origin of the lateral of vertebrate eyes, Amer. Naturalist, 
XLII, 601-609. 

— , 1922: “Smell, Taste, and Allied Senses in the Vertebrates,” 
Philadelphia. 

Patterson, T. L., 1917: Contributions to the physiology of tlie stomach, 
XXXVI. The physiology of the gastric hunger contractions in the 
Amphibia and the Reptilia, comparative studies I., Amer. Jour. Physiol, 
XLII, 50-87. 

— — , 1920: Vagus and splanchnic influence on the gastric hunger move- 
ments of the frog, comparative studies III., Amer. Jour. Physiol, 
LI 1 1, 293-306. 

, 1921: Movements of the empty stomach of Nectunis, Amer. Jour. 

Physiol, LV, 283. 

Pearse, a. S., 1910: The reactions of amphibians to light, Proc. Amer. 
Acad. Arts. Sci., XLV, 161-208. 

PiERsoL, G. A., 1887: Beitriige zur Histologic der Harder’schen Driiscn 
der Amphibicn, Arch. Mikr. Anat., XXIX, 594-608, 2 pis. 

Pike, F. H., 1923: The function of the vestibular apparatus. Physiol. Rev., 
Ill, 209-240. 

Plate, Ludwig, 1924: “Allgemeine Zoologie und Abstammungslehre. II, 
Die Sinnesorgane der Tiere.” Jena. 

Reed, H. D., 1920: The morphology of the sound-transmitting apparatus 
in caudate Amphibia and its phylogenetic significance. Jour. Morph., 
XXXIII, 325-387, pis. 1-6. 

Riley, C. F. Curtis, 1913: Responses of young toads to light and contact. 
Jour. Anim. Behav., Ill, 179-214. 

Risser, j,, 1914: Olfactory reactions in amphibians, Jour. Exp. Zool, 
XVI, 617-652. 


352 


THE BIOLOGY OF THE AMPHIBIA 


Sayle, Mary H., 1916: The reactions of Necturus to stimuli received 
through the skin, Jour. Anim. Behav., VI, 81-101. 

SCHEMINSKY, FERDINAND, 1924: Versuche uber Elektrotaxis und Elektro- 
narkose, Arch. ges. Physiol., CCII, 200-216. 

ScHLAMPP, K. W., 1892; Das Auge des Grottenolmes (Proteus anguineus), 
Zeitschr. IViss. ZooL, LIII, 537-557, pi. 21, 

Seydel, O., 1895: tJber die Nasenhohle und das Jacobson ’sche Organ der 
Amphibien, Morph. Jahrb., XXIII, 453-543. 

Stadtmuller, Franz, 1914; Ein Beitrag zur Kenntnis des Vorkommens 
und der Bedeutung Hyalinknorpeliger Elemente in der Sclera der 
Urodelen, Anat. Ilefte, LI, 427-465. 

Steinman, Paul, 1914: Uber die Bedeutung des Labyrinthes und derSeiten- 
organe fiir die Rheotaxis und die Beibehaltung der Bewegungsrichtung 
bei Fischen und Amphibien, Verb. Naiurf. Ges. Basel, XXV, 212-243. 

Stier, T. J. B., 1926: Reversal of phototropism in Diemyctylus viridescens, 
Jour. Gen. Physiol., IX, 521-523. 

Streeter, G. L., 1906: Some experiments on the developing ear vesicle of 
the tadpole with relation to equilibrium, Jour. Exp. ZooL, III, 543-558. 

, 1921: Migration of the ear vesicle in the tadpole during normal 

development, Anal. Rec., XXI, 115-126. 

Streuli, Heinrich, 1925: Die Akkommodation des Wirbelticrauges, Die 
Naturw., XIII, 477-485. 

Szymanski, J. S., 1918: Abhandlungen zum Aufbau der Lehre von den 
Handlungen der Tiere, Arch. ges. Physiol., CLXX, 1-244. 

Torelle, E., 1903: The response of the frog to light, Amer. Jour. Physiol., 
IX, 466-488. 

Trbtjakopf, D., 1906: Der Musculus protractor lentis im Urodelenaiige, 
Anat. Anz., XXVIII, 25-32. 

Verrier, M. L., 1927: Sur la determination du champ visuel anatomique 
chez les poissons et les batraciens, Compi. rend. Acad. Sci.y CLXXXIV, 
1482-1484. 

Wertheimer, Ernst, 1924; Uber die Rolle der Haut fiir den Muskeltonus 
beim Frosch, Arch. ges. Physiol., CCV, 634-636. 

Whiteside, B., 1922: The development of the saccus cndolymphaticus in 
Rana temporaria L., Amer. Jour. Anat., XXX, 231-266. 

Whitman, C. O., 1898: Animal behavior. Woods Hole Biol. Lee.. 1898, 
285-338. 

Wilder, Harris H., 1892: Die Nasengegend von Menopoma alleghaniensc 
und Amphiuma tridactylum, ZooL Jahrb. Abt. Anat., V, 155-173, 
pis. 12-13. 

Wilder, I. W., 1913; The life history of Desmognathus fusca, Biol. Bull. 
Woods Hole, XXIV, 251-292, 293-342, 6 pis. 

— , 1925: “The Morphology of Amphibian Metamorphosis,” Smith 

College, Northampton, Mass. 

Wright, A. H., 1914: North American Anura: life-histories of the Anura 
of Ithaca, N. Y., Washington Carnegie Inst. Pub. 197, pis. 1-21. 

Yerkes, R. M., 1905: The sense of hearing in frogs. Jour. Comp. Neurol. 
Psych., XV, 279-304. 


CHAPTKR XV 


THE NERVOUS SYSTEM 

Amphibia respond to external stimulations in a variety of ways. 
Living cells from any part of the body have the property of 
transmitting excitations, but certain cells, the neurons, are 
specialized for this purpose and their fibers are usually grouped 
together to form nerves. C'ilia on the ectoderm of the embryo 
may beat, and heart tissue may pulsate, before any nervous con- 
nection has been established with these tissues, but most effector 
organs, such as muscles or glands, do not react until they receive 
stimulations from the nerves. The latter receive their impulses, 
or states of excitation, from the sense organs. The complex series 
of nerves which form the nervous system is thus a mechanism 
for conducting and correlating impulses received from the sense 
organs and transmitting them to organs of response. 

A stimulus received at any one point of a nerve cell tends to be 
transmitted in all directions throughout its length. In some 
invertebrates the nerve cells are possibly joined to form a net, 
but in higher types each neuron retains its own identity, a cell 
membrane separating the terminal branches of two adjacent cells. 
The neurons possess a polarity, certain processes, the dendrites, 
conducting the nerve impulses toward the cell body and a usually 
longer, less-branching process, the axon, transmitting the impulse 
away in the direction of the effector organ. The basis of this 
polarity seems to be in the synapse or point of contact between 
the axon of one neuron and the dendrites of another. The 
state of excitation can be transmitted across the synapse in only 
one direction, from the axon of one cell to the dendrites of the 
other. Hence, the nerve impulse always travels from the 
sensory to the motor neurons. This ‘Taw of forward direction,” 
first formulated over a hundred years ago, finds its logical 
explanation in the theory of the synapse as developed by Sherring- 
ton and others. A similar one-way conductivity is found in 
the myoneural junction between axon and muscle. 

The nerves surrounding the digestive tract of vertebrates 
frequently form a plexus, and it has been assumed that this might 
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represent a true nerve net inherited from invertebrate ancestors. 
In the frog, however, Cole (1925) has shown that there is a 
differentiation within this plexus of axons and dendrites, the 
neurons anastomosing only by their dendrites. Further, only 
a few nerve cells enter into these fusions, which seem to be a 
secondary modification rather than a primitive inheritance. 
Reflex Arc. — Neurons are arranged in functional units, the 
reflex arcs, each with a neuron receiving the impulse from the 



Fig. 124. — Diagrammatic cross-section of the spinal cord of a larval salamander 
showing the relation of the sensory to the motor neurons. Corr.N., correlation 
neuron; Dor.Rt., dorsal root; FaffC.L.M ed., fasciculus longitudinalis medialis; 
Fun.Lat., funiculus lateralis; Gr.M., gray matter; My., myotome; *S., skin; 
Sp.G., spinal ganglion; Tr.B.Sp., tractus bulbo-spinalis; Tr.T.Sp., tractus tecto- 
spinalis; Tr.Sp.B., tractus spino-bulbaris; T.Sp.Cer., tractus spino-cerebellaris; 
Tr.Sp.Tect., tractus spino-tectalis; Vent.H.N., ventral horn neuron; VerU.Iit-, 
ventral root. {After Herrick and Coghill.) 

sense organ, another neuron transmitting it to an effector organ, 
and, generally, a third intercalated between the two (Fig. 124). 
Reflex arcs are usually complicated by the addition of several 
cells of this third category; twigs from their axons, called col- 
laterals,” making possible the transmission of impulses to several 
adjustors or effectors. The passage of an impulse through a 
reflex arc requires more time than is consumed by the impulse 
traveling the same length of nerve and stimulating the same 
end organ alone. Hence, the synapse and the myoneural 
junction apparently present some functional modification in the 
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passage of an impulse. The delay increases with the number of 
synapses involved in the arc. Nervous impulses are transmitted 
at different rates in different fibers, the rates being much greater 
in medullated than in non-medullated nerves, and greater in 
fibers of large than in those of small diameter. Possibly some of 
the delay in the passage of an impulse through a reflex arc is due 
to the small fibers of the central nervous system. Drugs may be 
employed to increase or lower the conductivity of impulses, 
presumably at the synapses, and no doubt the physiological 
condition of the animal, as, for example, the amount of oxygen 
in the blood, has a marked effect on conduction over the synapses. 
In brief, the character of a reflex is dependent not only on the 
structure of the arc but also on the functional conditions which 
exist at any one time throughout the system. 

Repeated use of particular paths of conduction increases their 
conductivity for succeeding impulses. This is apparently due to a 
change in the synapse which makes it less resistant to excitations. 
The synaptic change apparently forms the basis of learning, 
although it is possible that other phenomena, such as combined 
activity of great numbers of neurons or, during an early stage 
of development, the growth of the axons or dendrites, may play 
some role. The process of synaptic change is reversible — a pos- 
sible explanation of the loss of learned responses or of forgetting. 

The repetition of a stimulus may produce other effects. If a 

single stimulation is not adeejuate to produce a response, the 

repetition of this stimulus at freejuent intervals may have the 

desired effect, apparently because the resistance at the synapse is 

lowered by the repetition. Continued stimulation, however, 

will eventually lead to failure of response, apparently as a result 

of the fatigue products acting at the synapse. Frequently the 

result of a stimulation is the inhibition of an activity. This has 

been interpreted as due to increase of resistance at the synapse, 

the refractory period of the synapse having been prolonged by 

too great frequency of the impulses arriving there. According 

to this explanation, each successive excitation of the nerve 

would fall within the refractory phase, and no response would 
result. 

1 he axons of many of the neurons are covered by a white 
fatty substance, the myelin sheath, which apparently serves to 
insulate them, preventing impulses in adjacent axons from 
influencing one another. Some fibers are covered merely by a 
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nucleated membrane as in many of the axons of both the central 
and sympathetic nervous systems. In many parts of the central 
nervous system several nerve cells of one functional type occur 
together, forming a center or nucleus. A grouping of nerve cell 
bodies outside of the central nervous system is called a “gan- 
glion.” The larger groupings of nerves into systems may be 

conveniently considered under the divisions: brain, spinal cord, 
and autonomic system. ^ 

Brain. Amphibia inherited their brains as well as the remain- 
der of their organization from piscine ancestors. The primitive 
crossopterygian fishes left in their fossilized skulls little evidence 
of the type of brain they possessed, but the dipnoans, which 
sprang from a closely related stock, possess a brain which is 
essentially like that of the Amphibia both in its method of 
development and in the arrangement of nuclei and commissures. 
We may assume that the crossopterygian ancestors of Amphibia 
had a similar brain. The most distinctive feature of this brain 
was the evagination of the hemispheres, the latter constructed 
on the same plan as the hemispheres of higher vertebrates and 
contrasted with the everted forebrain of teleosts, with its mem- 
branous non-nervous roof. Herrick (1921, 1924) has suggested 
that this typ>e of forebrain was originally an adaptation to life 
in poorly oxygenated water. The nervous tissues secure their 
supply of oxygen not only from the blood but also from the 
cerebrospinal fluid, and the latter would be excluded from 
the interior of thickenings of nervous tissue such as is found in the 
forebrain of teleosts. Solid masses of nuclei such as are found 
surrounding the ventricles of some fish and birds are well adapted 
for the performance of complex types of instinctive habits, but 
thin-walled, widely evaginated cerebral hemispheres, capable of 
indefinite expansion without a great thickening of the wall, were 
more suitable as a foundation for the elaboration of the mamma- 
lian brain with its capacity for rapid learning. 

In spite of the great potentiality for future development found 
in the forebrain of Amphibia, no great progress in this direction 
was made by modem Amphibia. This is because they have still 
retained for the most part the primitive arrangement of the nerve- 
cell bodies around the ventricles, while the nerve fibers lie external 
to them as an unbroken aggregation of white matter. The 
road to advancement lay through the development of a more 
diffuse distribution of the cell bodies and their fibers, also in the 
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aggregation of special clusters of cells to discharge in fiber paths 
having specific functions. 

The brain arises during development by a differentiation of the 
anterior part of the neural plate, the edges of which roll over 
during gastrulation to form a tube. Very early three enlarge- 
ments common to the brains of all vertebrates develop. These 
are the forebrain, midbrain and hindbrain. The forebrain again' 
becomes differentiated into a telencephalon and a thalamen- 
cephalon, while the hindbrain develops a cerebellum poorly 
marked off from the remainder of the hindbrain, the medulla 
oblongata. Thickenings or other differentiations appear in all 
five regions. The original cavity of the tube remains to form the 
ventricles of the brain. 



Fiq. 125.— Diagrammatic croee-section of the forebraine of (X) salamander, 
(B) frog, and (C) caecilian, to show the principal nuclei. B., nucleus basalis; 
B.S.. nucleus basimedialis superior; Co., cortex olfactoria; D., area dorsalis 
pallii: L., area lateralis pallii; Af., area medialis pallii. (After Kuhlenbeck.) 

Forebrain. — The forebrain of Salientia is shorter and more 
compressed than that of most urodeles. Nevertheless, the 
evagination of the hemispheres is carried farther, since the 
unpaired ventricle at the posterior end is smaller in frogs than in 
urodeles. Two enlargements at the anterior end of the hemi- 
spheres are the olfactory lobes from which the olfactory nerves 
arise. They are ventral in Hynobius as in frogs, but in the latter 
they are fused in the midline. The ventral position of the lobes 
is probably primitive, although in most urodeles they have a 
more lateral position, markedly so in the newt and in Siren. 
In the specialized Eurycea the lobes are also ventral (Rothig 
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1912). ^Gymno^hioim^^ large and ring 

shaped but se^ratej_aj^^ the salamanders (Kuhlen beck, l92^ 

Each cerebral hemisphere may be divided into a dorsal pallium 
and a ventral subpallium. In the Salientia a groove on the sur- 
face separates one region from the other and limiting sulci occur 
on the inner surface of the ventricles in most Amphibia. A fur- 
ther division into an internal hippocampus and external pyriform 
primordium of the pallium, and an internal septum and an external 
striatum of the subpallium, is indicated by the distribution of 

the nerve bundles and cell groups within each hemishhere 
(Fig. 125). 

In urodeles the septum or ventral median nucleus is not large, 
although in various species, such as Cryptobranchus and Siren, 
it is sufficiently developed to form an eminentia septalis which 
projects into the ventricle (Rothig, 1912)'. In the Salientia there 
is a hypertrophy of the septal regions which are proportionately 
further developed than in any vertebrate (Kiesewalter, 1928). 

Fibers from the olfactory bulbs extend to nearly all parts of 
the cerebral hemisphere. The anterior olfactory nucleus and 
parts of the pyriform area are largely made up of incoming fibers. 
The septum and striatum are chiefly synaptic stations where 
olfactory fibers join with ascending and descending fibers from the 
thalamus and midbrain. The striatum of urodeles is relatively ' 
undifferentiated, the cell bodies maintaining for the most part / 
their primitive periventricular position. The elaboration of the 
striatum is correlated in part with the development of Jacobson's 
organ (Herrick, 1921a) and in part with the increase in exterocep- 
tive tracts. Thus, Necturus and Proteus, being larval types 
without a Jacobson’s organ, have a very poorly developed striatum, , 
while the Salientia and Gymnophiona , with their large Jacobson’s \ 
organs, approach the reptiles in the enlargement of this region. 
Jacobson s organ is a mechanism for testing the contents of the 
mouth and it arose as an important aid to terrestrialism. Corre- 
lated with the development of this organ, there appeared an 
accessory olfactory lobe on each side, a well-defined ventral 
lateral nerve tract within the hemisphere, and an amygdaloid 
nucleus in the striatum. Plethodontids, although advanced 
types, have small Jacobson’s organs and relatively undifferen- 
tiated forebrains (Herrick, 1921). In the Salientia there is an 
outward migration of striatal cells, well marked even in the 
tadpoles (Soderberg, 1922). In the Gymnophiona a true cortex 
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or correlation center of laminated cells is formed in the outer 
portion of the striatum separate from the periventricular series 
(Kuhlenbeck, 1922). J In higher vertebrates the striatum becomes 
one of the chief reflex centers governing motor reactions by reason 
of its tract connections with lower and higher centers (projection 
tracts), but in the Amphibia it is still dominated by the olfactory 
components (Herrick, 1927). 

The hippocampus and pyriform areas show a wandering of cells 
toward the periphery, which is carried farther in Salientia than 



Fio. 12G. — Plan of the chief fibre tracts in the brain of the frog, a.c., anterior 
commissure; amy., amygdala; a.t., acoustic tubercle; h.c., brachium conjunctivum; 
c.h., cerebellum; ch.p., chorioid plexus; dor., dorsal nucleus of the thalamus; d.s.c., 
dorsal spino-cerebcllar tract; g.c., geniculate or postoptic commissure; hb., 
habenula; hip., hippocampus; hp., liabenulo-peduncular tract; i.c., inferior 
colliculus; I.g., lateral geniculate body; l.L, lateral lemniscus; m.o.t., medial 
olfactory tract; m.p., mamillary peduncle; n.p.c., nucleus of the posterior com- 
missure; o.h., olfactory bulb; o.h., olfacto-habenular tract; ol.n., olfactory nerve; 
ol.p., olfacto-peduncular tract or medial forebrain bundle; ol.s., olfacto-septal 
fibres; am., oculomotor nerve; o.sf., striatal nucleus; o.t., optic tract; p.c., 
posterior commissure; pit., pituitary body (hypophysis); r.n., red nucleus; s.k., 
septo-hijjpocampal fibres; a.t., spino-tectal tract; s.t.p., lateral forebrain bundle; 
t.c., tuber cinereum of hypothalamus; th.s., septo-thalamic tract or medial 
forebrain bundle; t.a., tecto-bulbar and tecto-spinal tract; tub., olfactory tubercle; 
v.m., vestibulo-mesencephalic tract; v.s., vestibulo-spinal tract- {After Papez.) 


in urodeles (Kiesewalter, 1928; Kuhlenbeck, 1929). This 
corticogenesis does not reach in the adult frog the extreme found 
in the striatum of tadpoles or of Gymn ophion a. Such wandering 
of cells leads in reptiles and in mammals to the development of 
cell laminae in the pallium well separated from the periventricular 
cells (Kiesewalter, 1928). They become correlation centers, 
while the latter remain pathways for relatively simple reflexes. 
With the development of a cortex there is an increase in the 
number of non-olfactory fibers which make their way from the 
thalamus into the forebrain (F'ig. 126). Some of these ascending 
fibers are already present in the forebrain of Amphibia. Binde- 
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wald (1914) and Herrick (1927) consider the striatum to represent 
an olfactotactile and olfactovisceral center. This integration of 
olfactory with other senses is still largely of a reflex character. 
The development of a cortex adds more sensory data, and more 
possible routes for impulses to travel. It introduces hesitancy 
into behavior and opportunity for training to influence the final 
efferent path selected. Although fishes and Amphibia have some 
associational tissue and are able to learn, the Gymnophiona have 
developed a distinct basal cortex. The pallial cortexfirsTappears 
in reptiles. Further, in Amphibia there are no tracts leading 
directly from the forebrain to any centers below the level of the 
midbrain as in higher forms (Von Monakow, 1910). Thus, while 
in mammals injury to the pallial cortex greatly affects the reac- 
tions of the animal, frogs deprived of their entire forebrain swim, 
feed, and breed very much as do normal frogs (Schrader, 1887). 
Decerebrate frogs lack a certain spontaneity of reaction (Loeser, 
1905). Variety of response is erased, for distracting or confusing 
sensory impulses are ruled out by the operation. Since the 
result is the. same even when olfactory impulses are not involved, 
it is clear that the forebrain functions in correlating various sen- 
sory data, if only into reflex patterns. Electric stimulation of the 
forebrain of Amphibia leads to no motor response (Bickel, 1898; 
Chauchard, 1927), hence the contribution of nerve impulses 
from this region is primarily sensory. 

Thalamus. — Immediately caudal to the unpaired forebrain 
is the thalamus. From this region of the brain the optic vesicles 
arise as evaginations. The retinas agree with the cerebral 
hemispheres in being outpockets of the brain. The optic nerve 
(Fig. 127) consists of tertiary fibers, two synapses having occurred 
in the sense organ itself, namely, within the eyeball. The optic 
nerve enters the anterior, ventral border of the thalamus, all the 
fibers crossing to the side opposite the retina of their origin before 
curving up around the thalamus to penetrate the midbrain behind. 

Two other afferent nerves enter the thalamus on each side. 
The nervus terminalis enters the forebrain at the ventral border 
of the olfactory lobe in Necturus (McKibben, 1911), continues 
back to the superficial border of the hemispheres, and penetrates 
the thalamus ventrolaterally to extend as far as the posterior 
tubercle (Herrick, 1927). The exact function of this nerve is 
unknown, but it probably receives stimuli from sense organs o 
the snout. The second afferent nerve is the parietal, whic 
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extends from the pineal organ to the region of the posterior 
tubercle. The pineal organ arises as a dorsal evagination of 
the thalamus and seems to have important endocrine functions. 
Whether or not it is really sensory at any stage of development is a 
disputed point. Since a pineal foramen is present in the skulls of 
some fossil Amphibia, it was probably originally a sensory organ, 
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1*10. 127. — Ventral aapert of the hrain of Neoturus showiiiK relation of cranial 

nerves to nasal sac. eye, and ear. (After McKihben.) 


a third eye, as in some modern reptiles. The pineal organ is 
best developed among many modern Amphibia in the larvae. 

The peripheral connections of the midbrain may be considered 
with those of the thalamus. The mesencephalic root of the trigem- 
inus nerve enters the posterior part of the midbrain and makes 
important connections with the optic fibers. The two eye-muscle 
nerves, oculomotor and trochlear, enter the midbrain as in all 
vertebrates. The first supplies the superior and inferior rectus 
muse es and the inferior oblique. The latter supplies the superior 
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oblique alone. The lateral rectus muscles of the eye are inner- 
vated through the abducens, which enters ventrally in the anterior 
part of the medulla. The retractor bulbi, well developed in the 
Salientia, is innervated in part through the abducens and in 
part through fibers (of sympathetic origin) coming from the 
ciliary ganglion (Gaupp, 1899). 

In passing through the thalamus on the way to the midbrain 
roof, the optic nerves give off many collaterals which make synap- 
tic connections with other sensory systems. In the epithalamus 
or habenula, optic fibers are joined in synapse with olfactory 
fibers. The hypothalamus, on the other hand, is a center of 
visceral correlation where taste and impulses from the digestive 
tract are integrated with smell (Herrick, 1917; Rothig, 1926). 
The thalamus of Necturus has a diffuse field of synaptic con- 
nections, while in Ambystoma there is a tendency for localization 
of groups of synapses. Nevertheless, the general arrangement of 
nuclei in the thalamus is essentially the same not only in all 
Amphibia hut in all Anamnia (Kuhlenbeck, 1929n). 

Midbrain Roof. — The roof of the midbrain receives the bulk 
of the optic fibers. In most Amphibia it forms a prominent 
swelling on the dorsal surface of the brain. In Salientia with 
well-developed eyes, it is a bilobed structure, the two parts 
forming the optic lobes. In urodeles the eyes are usually smaller 
and the midbrain roof is less swollen and without a division into 
well-marked lobes. As in fish, the optic lobes are the center of 
vivsion. In higher vertebrates most optic fibers end in the 
thalamus, where they form a synaptic junction with fibers of the 
optic radiation to the visual cortex of the forebrain. Amphibians 
are of interest, for they show the first stage in this transference of 
the optic center; many of the optic fibers in passing through the 
thalamus send off collaterals there. Herrick (1925) describes 
three important aggregations of synaptic connections in the 
thalamus related to the optic system and these are especially 
well defined in Salientia, P'urther, in some forms, especially in 
adult frogs, there is an extension of the optic fibers into the 
cerebral hemispheres. They form the thalamofrontal tract which 
in mammals is destined to become the optic radiation. The 
enlarged eyes of the frog may be responsible in part for the 
bilobed roof of the midbrain and the radiation of optic tracts 
into the fore brain. In the small-eyed Pipa (Fig. 128A) the 
optic lobes are large but confluent, as in most urodeles (Gronberg, 
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1894). In mammals somesthetic tracts penetrate the rej^on to 
form an inferior colliculus on each side. As a result, the mid- 
brain roof becomes quadripartite to form the corpora quadri- 
geinina. In Amphibia a root from the trigeminus and the 
sensory lemniscus fibers bring in a variety of sensory data, includ- 
ing impulses from tactile organs, lateral-line components, and 
proprioceptive centers for integration with the optic impulses. A 
rudiment of the inferior colliculus is present in all Amphibia but is 
more pronounced in Salientia than urodeles. In Pipa it is most 
emphasized, an interesting parallelism to the condition in 
mammals. The cells which effect these synapses in the midbrain 
roof tend to align themselves in layers of functionally different 
nerves. In Necturus these are large neurons covering more or 
less of the entire roof, in Ambystoma they are small and show 
some lamination, while in Salientia the stratification is well 
established. 

The base of the midbrain or cerebral peduncles transmits the 
motor impulses to lower levels. These peduncles include the 
nucleus of the motor tegmentum and embrace the final common 
motor paths for which the sensory impulses of forebrain, thala- 
mus, and midbrain compete. 

An experimental investigation of the midbrain and thalamus 
has confirmed and further extended the conclusion reached as 
to the function of these parts of the brain. Chauchard (1927) 
showed that an electric stimulation of the anterior part of the 
optic lobes induced a movement of the hind limbs, a similar 
stimulation of the posterior part effected a forelimb movement, 
while the middle-region stimulation brought movements in the 
eye muscles. Baglioni (1911) had previously shown that the 
grasping reflex could be produced in the male frog by electrical 
stimulation of the optic lobes. In view of the importance of body 
size of the female in sex recognition in frogs, it is interesting that 
Schrader (1887) should have found that removal of the optic 
lobes caused a loss in the sense of touch. The ablation of these 
lobes also induced a permanent darkening of the coloration. 
Color change is known to be affected in many Amphibia by both 
sight and touch; and in view of these experiments it would seem 
that the correlation was effected in the midbrain. Stimulation 
of the midbrain had the further effect of profoundly altering the 
respiratory rate (Martin, 1878). In higher vertebrates the 
thoracic muscles of respiration find their centers of control in this 
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region, and possibly the midbrain controls pharyngeal respiration 
in Amphibia (Babdk 1913). 

Cerebellum. — The two posterior parts of the brain, cerebellum 
and medulla, are intimately related, the former being a dorsal 
growth from the latter. The cerebellum consists of a medial pair 
of corpora cerebelli and a more lateral pair of auricular lobes 
which form a direct continuation of the acousticolateral area 
of the medulla from which they arise during their development 
(Herrick, 1914). The corpora cerebelli do not form a middorsal 
connection in Necturus and Amphiuma as in most Amphibia. 
The cerebellum of fish Is more highly developed than in any 
Amphibia and there is a great elaboration of the auricular lobes 
in correlation with the extensive lateral-line system. The reduc- 
tion of the corpora cerebelli in Amphibia is correlated with their 
simple locomotory movements. The cerebellum is generally 
considered to be the station controlling postural activity, inte- 
grating impulses from the organs of equilibrium with those of 
muscle tone, but injuries to the medulla of the frog evoke 
disturbances of locomotion and posture usually attributed to 
defects in the cerebellum (Loeser, 1905). It would seem that 
some of the components usually found in the cerebellum occur 
in the anterior portion of the medulla, particularly in the 
acousticolateral area. 

The chief peripheral connection of the cerebellum is with the 
auditory nerve. The mesencephalic root of the trigeminus passes 
through the cerebellum but has no terminals there in urodeles 
as it has in Salientia. The cerebellum is proportionately larger 
in the larval Ambystoma than in the adult. At metamorphosis 
there is a reduction of the auricular lobe in aquatic Amphibia due 
to the disappearance of the lateral-line system and only vestibular 
components are left in the auricular lobes (Larsell, 1925). In 
Salientia, at least, there is a loss of the lateral-line connection 
from cerebellum to hypothalamus. Tadpoles would seem to 
have an important lateral-line and possible gustatory control 
over their movements, while in the adult frog a vestibular-optic 
control replaces it. As in the case of forebrain and thalamus, this 
control of the cerebellum is by the integration of sensory rather 
than motor components. The character of the Purkinje cells 
of the cerebellum together with their lamination is adapted to the 
summation, reinforcement and diffusion of excitations. The 
histological structure of the cerebellum of Salientia is more com- 
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plex than that of urodeles. The first indication of a true cere- 
bellar nucleus appears, as well as the beginnings of the dentate 
nucleus of higher forms with its important descending tracts 
to the peduncles of the midbrain. Further, the Purkinje cells in 
Salientia have a far more definitive structure than in urodeles, 
and there is a true lamination of the cells and fibers. 

Medulla. — The medulla, the most posterior part of the brain, 
has the appearance of a slightly widened and flattened portion of 
the spinal cord. Its dorsal surface is, however, largely mem- 
branous and a cluster of blood vessels forms as the choroid plexus, 
a vascular diverticulum of this membrane, extending into its 
ventricle. Like the spinal cord, the medulla is divided into a 
basal medial motor region and a dorsal sensory area which, 
because of the membranous roof, is largely lateral. The fifth 
to tenth cranial nerves enter the medulla and bifurcate to send 
ascending and descending fibers of specific functions the length 
of the medulla (Kuhlenbeck, 1927; Kappers and Fortuyn, 
1921). The dorsal zone is the acousticolateral area. This 
forms the rhomboidal lip which merges directly into the auricular 
lobe of the cerebellum. The medial longitudinal zone is formed 
by the visceral sensory fibers of the seventh, ninth, and tenth 
cranial nerves. The ventral sensory zone of the medulla is 
formed by cutaneous sensory fibers of the fifth and tenth nerves. 

The Amphibia are noteworthy in showing the first rudiment of 
the cochlea of higher vertebrates. In correlation with division of 
function in the inner ear, there are two centers for the eighth 
nerve in the medulla of frogs, the vestibular nucleus being the 
more ventral. With the appearance of a separate dorsal nucleus 
in Salientia there is also found an acoustic center homologous to 
the superior olive of mammals which is concerned in the trans- 
mission of acoustic impulses from the eighth cranial nerve to the 
midbrain. It may also have a more direct connection with the 
motor portion of the cord. 

Between the dorsal and ventral portions of the medulla lies 
the reticular formation or region of synaptic junction between 
sensory and motor fibers. In the anterior part of this region in 
urodeles occur the giant cells of Mauthner which send their axons 
throughout the length of the spinal cord to the tail musculature 
and function in the regulation of swimming movements (Detwiler, 
1927a). Vestibular and lateral-line fibers make synaptic con- 
nections with these cells. 
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In the ventral motor portion of the medulla the nuclei of the 
third to twelfth cranial nerves are arranged in their numerical 
order. In primitive Amphibia more of the meduDa was contained 
within the skull than in modern Amphibia, for all 12 cranial 
nerves made exit from the skull as in mammals. In recent 
Amphibia the twelfth nerve and the eleventh, when present, lie 
beyond the skull and form spinal nerves. The frogs show a 
greater separation of the motor nuclei from one another than do 
the urodeles. This is particularly true of the nuclei of the 
seventh, ninth, and tenth nerves. Also, the sensory nuclei of 

the fifth and seventh nerves show anastomosis in urodeles, not 
r)resent in the Salientia. 

1 he reaction of frogs after removal of various parts of the 
medulla confirms the conclusions reached from an examination of 
the structure of this part of the brain. Few motor responses 
are controlled by any one level alone. The croaking reflex 
which is influenced by the optic lobes persists if the medulla 
is retained (Steiner, 1885; Schrader, 1887). The swallowing 
reflex is initiated primarily by impulses from the trigeminus. It is 
produced by efferent fibers in the facialis. The movements of the 
tongue depend on the function of the hypoglossus nerve, and they 
persist after the destruction of the swallowing reflex mechanism 
(Schrader, 1887). Locomotion is more dependent on caudal 
than on cephalic levels of the medulla according to Schrader 
(1887), but some motor coordination of the limbs can be main- 
tained by the spinal cord alone (Goltz, 1869). As stated above, 
some of the locomotor postural functions controlled by the 
cerebellum of higher forms are assumed by the medulla of 
Amphibia. In urodeles Mauthner^s cells seem to have an impor- 
tant role in swimming movements. Control over respiration is in 
part effected by the vagus fibers with their center in the medulla 
(Baglioni, 1900). Pharyngeal, nasal, and other muscles are 
actively concerned in buccal respiration, however. Hence, all 
levels of the medulla are probably concerned in the respiratory 
cycle, and impulses from the midbrain may modify the action. 
The vagus, with its center in the medulla, has further both a 
digestive and a vasomotor control (Bottazzi, 1899, 1904), the 
primitive character of the vagus being that of a digestive nerve 
and the other functions being only gradually acquired in the 
course of vertebrate evolution. Muchin (1895), by electric 
stimulation of the medulla, was able to induce movements of the 
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eye, maxillary muscles, tongue, or head according to whether he 
stimulated the region of the abducens, facialis, hypoglossus, or 
vagus centers. It is seen from this discussion that the midbrain 
and medulla hold centers involving most of the important 
responses of the animal to both the internal and external environ- 
ment. This is true of most cold-blooded forms, where the mid- 
brain particularly performs functions largely relegated to 
anterior levels of the brain in higher vertebrates. 

Phylogeny of the Brain.— The progressive modification of the 
brain as a whole does not follow closely the phylogenetic scheme. 
The simplicity of the brain of Necturus seems in all probability 
to be a retained larval character. But Siren, which is also chiefly 
larval in organization, exhibits a well-marked development of the 
septal region of the forebrain (Kothig, 1912). The Salientia, 
which stand nearer the branchiosaur ancestors in most of their 
skeletal organization than do the urodeles, have a greater develop- 
ment of the corpus striatum, a truly reptilian character. Soder- 
berg (1922) and Kuhlenbeck (1927) considered the brain of the 
Salientia more primitive than that of the urodeles. The chief 
evidence Soderberg brought forward for this conclusion was the 
supposed retrogressive change at the time of metamorphosis in 
tadpoles. It might also be added that as the labyrinthodonts 
stood nearer the reptiles in their skeleton than do modern 
Amphibia, they probably did likewise in their brains. The 
urodele brain is more schematic than that of the frogs and hence 
has been more secondarily modified. 

The Gymnophiona, which may have evolved from lepospondyls 
instead of branchiosaurs, have a brain modified by a regression 
of the optic centers and an elaboration of the olfactory ones. 
As Kuhlenbeck (1922) showed in Hypogeophis, the forebrain and 
especially its basal parts are greatly elaborated (Fig. 128C), 
while the thalamus, midbrain, and cerebellum are insignificant. 

1 he Gymnophiona approach the reptiles in the great develop- 
ment of the striatum and in the flexure of the medulla. Since 
the Gymnophiona lead such a speciahzed life, it is difficult to 
decide whether or not these features are primitive amphibian 
characters. Both Kuhlenbeck (1922) and Schmid (1929) find 
various similarities between the brains of Gymnophiona and 
urodeles not shared by the Salientia. 

A retrogressive change in the brains of Amphibia might have 
been caused by a degeneration of sense organs. Destroying the 
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eye of the growing tadpole brings about marked reduction in the 
midbrain (Diirken 1912). The converse experiment of building 
up the brain by increasing a sensory area has been performed 
on Ambystoma. Burr (1922) transplanted the large olfactory 
placode of Ambystoma iigrinum on the small A. maculaium and 
obtained an increase in the number of cells of the cerebral hemi- 
sphere of the host. This increase extended to the secondary and 
tertiary nuclear centers. Thus, axons growing into embryonic 



fio. 128. — Amphibian brains, dorsal view. A. Adult Pipa pipa. {After 
Griinberg.) B. Larva of Hynobins nehulosus. {After Sumi.) C. Adult Hypo- 
geophis^ rostratus. {After Kuhlenbeck.) C., cerebellum; eminentia 

medialis rhombencephali ; Ep., epiphysis; F., fossa rhomboidea; H., lobus 
hemisphaericus; M., mesencephalon; N.I.-N.XI., cranial nerves I-XI; O.. 
nervus olfactorius; Par., paraphysis; S.Lg.C., sulcus longitudinalis centralis; 
S.R.A., sulcus rhinalis anterior; S.T.D., sulcus transversus diencephalo- 
mesencephalicus; T., thalamus. 


brain tissue are potent factors in the further elaboration of the 
brain. 

Such experiments are very suggestive of the way the brain 
was built up during phylogeny. An increased growth in one 
center might have a corresponding effect on another. An 
equally important change in phylogeny was the grouping of 
nerves of related functions in discrete areas. Such a progressive 
change has only well begun in the Amphibia. In the higher 
vertebrates there is an attraction of most of the somatic connec- 
tions to the striatum and later their projection to separate centers 
on the pallium. Such a brain is far better adapted both for 
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judging and for learning than the brain of Amphibia. The fore- 
brain and thalamus of Amphibia are still only accessories and not 
full-fledged essentials of all reactions, as in mammals. The 
brain evolution of higher vertebrates, however, is made along 
lines first clearly indicated by the amphibians. The further 
integration of sensory components and their intimate connections 
with motor activity gradually brought about an increasingly 
specific reaction to significant factors of the environment. With 
the specialization of hands, feet, and other structures as complex 
organs of response, there arose within each dominant system of 
final common paths many subsidiary systems, each requiring 
its own central adjustor, above which developed the higher cen- 
ters of correlation. These correlation centers arose at the chief 
cross-roads of impulse traffic, namely, reticular formation, cere- 
bellum, midbrain, thalamus, and corpus striatum (Herrick 
1929). 

Spinal Cord and Nerves. — The spinal cord arises in the same 
way as the brain by the folding over and fusion of the margins of 
the neural plate. Like most of the brain it may be divided into a 
dorsal afferent and ventral efferent series of fiber tracts and related 
centers. In cross-section the spinal cord of Amphibia resembles 
that of other vertebrates in having a typical butterfly-like arrange- 
ment of gray matter surrounding the central canal or lumen 
resulting from the inturned neural plate. The most dorsal por- 
tion of the wings is formed by nuclei where somatic afferent fibers 
terminate; more ventral are the visceral afferent centers. The 
lower portion of the wings is formed by the visceral efferent cell 
bodies above and the somatic efferent ones below. The axons 
extending from these centers form the surrounding white matter 
of the cord. Some fibers are confined to one segment but the 
great majority extend forward or backward along the cord. 
Further, axons from the medulla may extend for varying dis- 
tances into the cord. In the frog, fibers extend from the ninth 
and tenth cranial nerves to the second and third spinal segments, 
from the eighth nerve as far as the sixth segment, from the fifth 
nerve to the lumbar enlargements, while fibers from Mauthner^s 
cells extend the length of the cord (Kuhlenbeck, 1929). 

The cord is supplied with a series of spinal nerves which may 
be as few as 10 or 11 pairs in frogs. Each spinal nerve arises 
from the cord by two roots: a dorsal one containing sensory fibers 
running to the cord and a ventral one with motor fibers leading 
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away from it. The sensory fibers of the nerve have their cell 
bodies in the ganglion of the dorsal root, while those of the motor 
components are contained within the spinal cord. The former 
position is very probably secondary, since the spinal ganglia 
arise from a neural crest or laterally extended margin of the neural 
plate. It is interesting that some urodele larvae during early 
development contain sensory cell bodies still within the spinal 
cord. These are the Rohon-Beard cells which receive sensory 
impulses from the muscles with some of their dendrites, from the 
skin with others, and send axons conducting these impulses 
forward. Such an arrangement is probably a primitive verte- 
brate condition. 

The dorsal and ventral roots unite close to the vertebral column 
to form a mixed nerve, which divides again into a dorsal branch 
supplying the skin and muscles of the upper surface of the body 
and a ventral branch innervating the ventral and limb muscles. 
Several of these ventral rami unite in the brachial and pelvic 
regions to form plexuses. Such plexuses, although considered 
homologous in frog and salamander, may be formed of different 
spinal nerves. The growing limb bud has been shown by 
experiment (Detwiler, 1927) to attract the spinal nerves. Fore- 
limb buds transplanted over six segments posterior to their 
original position induce new spinal nerves to innervate them. 

The visceral fibers of the nerve roots extend into the ventral 
ramus of the mixed nerve for a short distance and then leave as a 
ramus communicans to end in the sympathetic ganglia. In this 
way visceral efferent fibers never extend all the way from spinal 
cord to smooth muscle or gland without a synapse in the periphery. 

The chief function of the spinal cord is that of a motor effector. 
The hind and midbrain have an important control over loco- 
motion, but the limbs alone, if properly stimulated, can perform 
normal locomotor movements provided their centers in the spinal 
cord are left intact (Loeser, 1905). Van Rynberk (1909) placed 
the center controlling forelimb movements in the second spinal 
segment. A severe injury to the spinal column in mammals will 
usually prevent all movement in the hind limbs, but the spinal 
column of salamanders may be sectioned between fore- and hind 
limb without preventing the synchronous movements of the limbs 
in walking (Snyder, 1904; Ten Cate, 1928). In this case the 
afferent stimulus for releasing walking movements of the hind 
limbs would seem to be the slight tactile stimulation to the soles 
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of the hind feet on being dragged forward by the forelimbs. 
Coordinated movements of the limbs cease after sectioning of the 
dorsal root (Hering, 1897). Nicholas (1928) found that in 
Ambystoma larvae, after removing a large section of the spinal 
cord, there was still coordination between fore- and hind limbs. 
This he attributed to the pull of the body muscles transferring 
stimulations between the two segments. The relations of these 
stimulations to normal locomotion will be considered in the 
discussion of habits. 

The coordination of movement between the members of any 
one pair of limbs is controlled by nervous connections within the 
spinal cord. In the case of the forelimbs of Ambystoma macula- 
turn, this coordination is accomplished by the fifth spinal nerve 
and its spinal connections. Grafted limbs which receive only a 
very small branch of this nerve carry out well-defined coordinated 
movements in both forearm and hand (Detwiler and Carpenter, 
1929). Further, severing the sixth and seventh spinal nerves does 
not prevent coordinated function in the graft. There can be no 
extensor or flexor nerve in this case, but a very extensive branch- 
ing of the fifth nerve within the muscles must occur to bring 
about the various limb movements. Limbs grafted to the ear 
region of Ambystoma move synchronously or alternately with 
the swallowing or gill movements (Detwiler, 1930), because their 
motor nerves are derived from the nerves of this region and hence 
have the same central connections. 

Autonomic System. The name autonomic system is given to 
that part of the peripheral nervous system which innervates 
smooth muscles and glands. It is autonomic in the sense of hav- 
ing its own series of ganglia isolated from the central nervous sys- 
tem but connected with it by the rami communicantes (Fig. 129). 
The cell bodies of most somatic sensory neurons also lie outside 
the central nervous system in the dorsal root of the spinal nerves 
or near the base of cranial nerves. These form sensory and not 
motor ganglia, as in the present case, however. The autonomic 
system consists of a cranio-sacral or parasympathetic out- 
flow and a thoracico-lumbar or sympathetic outflow. Although 
afferent visceral neurons accompany the efferent neurons, they 
have their ganglia in the dorsal roots and extend all the way 
from the sense organs to the central nervous system and hence 
conform to the ordinary type of somatic afferent fibers. The 
parasympathetic outflow consists essentially of visceral fibers 
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Fio. 129. — The autonomic nervous system of Necturus. Abd. Sym., abdomi- 
nal sympathetic; A.C., coeliac artery; Ac., aorta caudalis; A.M., mesenteric 
artery; Ao., aorta; A.R., renal artery; .4.5., subclavian artery; Caud. Sym., 
caudal sympathetic; CeTv.Sym., cervical portion of sympathetic system; C.G., 
first cervical ganglion; CL, cloaca; GL, ramus glossopharyngeus of the vagus; 
G.5.4., anterior subclavian ganglion; G.S.L., lateral subclavian ganglion; G.S.P\ 
posterior subclavian ganglion; G.V., vagus ganglion; Hm., hyomandibular branch 
of the facial nerve; In., ramus intestinalis of N. vagi; M.D., Mlillerian duct; 
N.Sp.A,. anterior splanchnic nerve; N.Sp.P., posterior splanchnic nerve;P.^., pel- 
vic kidney; R.A., anterior ramus of the vagus; R.Ao., radix aortae (root of aorta); 
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of the vagus system, innervating respiratory, digestive, and cir- 
culatory structures. Associated with these are fibers from the 
third, seventh, and ninth cranial nerves. Kuntz (1911) has 
traced the peripheral wandering of parasympathetic ganglion 
cells from the hind brain of the frog along the paths of the vagi 
and has established their morphological identity with other 
cells in the central nervous system. Kuntz has also shown that 
the cells of the sympathetic ganglia migrate to the periphery 
largely from the dorsal root ganglia. They eventually form the 
series of ganglia underlying the vertebral column. Two longi- 
tudinal strands, the sympathetic trunks, connect the ganglia 
with one another. Other sympathetic ganglia are found among 
the viscera and in the head region, closely associated with the 
cranial nerves. Sympathetic fibers, after making a synapse in 
these ganglia, proceed peripherally, where they innervate for the 
most part the same structures supplied by the parasympathetic 
fibers. The sympathetic and parasympathetic fibers are antag- 
onistic in their effects. The action of the first is to halt the peri- 
staltic movementsof the gut, to tighten thesphincters of thesarne, 
and to increase the heart beat. The parasympathetic impulses 
have an exactly opposite effect, and their normal functioning 
insures proper digestion, respiration, and heart beat according 
to the extent of vagus control. The responses of smooth 
muscles and glands innervated by the autonomic system are far 
more diffused, less localized than those of the skeletal muscles. 
This is dependent on the number and arrangement of the neurons, 
which permit the impulse from one preganglionic fiber to be 
transmitted to several motor neurons in the autonomic system. 

In mammals, when under extreme stress, such as is produced by 
asphyxia physiologically, or danger psychologically, there is a 
great increase of heart beat, very large rise of blood pressure, and 
an increase in respiration. Much blood is sent from the intestines 
and viscera to the muscles in general, so that skeletal response 
is secured by well-nourished muscles. Further to fortify this 
response, more sugar is released into the blood stream, and 

R. B., renal branches of the sympathetic to the Mullerian duct; R.C., rami 
communicantes; R.C.F.. ramus communicans of the N. facialis with the pharyn- 
geal nerve, R.C.V.. ramus communicans of vagus nerve; Rec., rectum; R.Sub., 
subclavian ramus; S.Com., Stannius commissure connecting right and left chain’ 

S. K., sexual kidney; SpJ., first spinal nerve; Sp.IX., ninth spinal nerve- Sp.X ’ 
tenth spinal nerve; St., stomach; V.C.A., vena cardinalis anterior; V.CaP vena 
cava posterior; V.CaP.X vena cava posterior dissected; V.C.P., posterior cardi- 
nal vein; V.C.P.X.. posterior cut end of vena cava posterior. (After Andcrn;ion.) 
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intestinal movements are stopped or much decreased so that the 
blood can be sent to the surface. Such a condition is evoked in 
man by an emotional stress such as anger, rage, or fear (Cannon, 
1915). The extent to which this complex of sympathetic defense 
responses are organized in amphibians is not very clear, but as 
bodily changes apparently occur under stress we may assume that 
Amphibia experience emotions if only in a rudimentary form and 
that the mechanisms evolved are probably basically the same. 
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CHAPTER XVI 


INSTINCT AND INTELLIGENCE 

The evolution of the Amphibia is closely correlated with 
changes in their habits. These habits may be either learned or 
instinctive. As in the case of other animals, Amphibia develop 
with certain combinations of neurons connected with sense 
organs and muscles. It is the normal response of these inherited 
patterns of neurons to certain sensory stimuli which is called an 
“instinct.” Not only the number and kind of reflex arcs involved 
determines the nature of the response but also the time and 
intensity relations of the nerve impulses arriving at the synapses 
as well as the conductivity of the synapses at a particular moment. 
As indicated in the preceding chapter, the internal state of an 
organism may have a profound efTect on permitting impulses to 
pass from one neuron to another. Age, nutrition, hormones from 
the gonads, pituitary, and other glands of internal secretion, the 
osmotic condition of the body fluids, the amount of oxygen in 
the blood, these and many other factors may influence behavior in 
an amphibian by modifying the s ynap tic resistances. Internal 
states may also shift the dominance of certain reflexes. Thus in 
most animals the protective reflexes take precedence over other 
reflexes, but in frogs during the breeding season, the clasping 
reflex may take possession of the final common path and be 
prepotent over the avoiding reflexes stimulated by noxious stimuli . 

Although instinct involves a series of reflex arcs, it differs 
from a reflex in more than its complexity. An important charac- 
teristic of the instinct is the delay in its completion. A persistent 
tendency toward some biological end is set up by a given stimulus 
and this releases a series of responses directed toward a future 
result which is finally attained. The mating instinct of the 
newt leads through a long series of reflex responses on the part of 
both sexes to the final deposition of the spermatophore by the 
male and its taking up by the female. The possible habits which 
an animal may possess are limited by its inherited nervous 
organization and by the range of its modifiability during life, 
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The central nervous system of the Amphibia is so much simpler 
than that of higher vertebrates, that it is surprising to find many 



of the instinctive habits of the 
higher forms already estab- 
lished in the group, if only in a 
rudimentary form. The ques- 
tion of the origin of these in- 
stincts and reflexes may be 
considered first from the onto- 
genetic side. 

Development of Reflexes in 
Ambystoma. — If the young 
Ambystoma embryo is removed 
from the egg capsule and tested 
in regard to its reaction *to 
tactile stimulation, it will be 
found to pass during develop- 
ment through five stages which 
Coghill (1929) has called the 
“non-motile,” “early-flexure,” 
coil,” “S-reaction,” and 
swimming stages.” A light 
touch on the skin brings no re- 
sponse at first. Later the head 
is moved away from the source 
of stimulation. A little later 
the bending involves more and 


n 




Fio. 130. — A diagram of the neuro- 
motor mechanism of swimming in 
Ambystoma. The initial impulse, a, 
passes tailward and excites the muscle 
segments to a wave of contraction 
which progresses tailward. The neu- 
rons of the motor tract in the anterior 
region develop collaterals which form 
a synapse with the commissural cells 
of the floor plate. Hence the impulse 
also passes at b to the motor system of 
the other side where it passes tailward, c, 
inducing a second wave of contraction 
which follows the first after a brief in- 
terval. (After Coghill.) 


more of the trunk until the 
embryo is thrown into a coil. 
Still later, the flexure, which 
begins in the head region and 
progresses tailward, is reversed 
in the head region before it has 
passed entirely through the 
trunk. Finally, this last reac- 
tion is repeated at sufficient 
intervals to effect locomotion. 
Coghill has shown that the 


anatomical basis of this orderly series of events lies in the growth 
of nerves in medulla and spinal cord. Afferent neurons grow 
across the motor tract of their own side of the cord at its anterior 
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end, to form synapses with commissural cells which convey 
the excitation to the motor tract of the opposite side (Fig. 
130). Impulses traveling these neurons induce a turning of the 
head away from the source of stimulation. Reversed flexure 
movements are caused by the excitation of sensory nerve endings 
in the muscles on the side of contraction and by the conduction 
of that excitation to the muscles of the opposite side. These 
reversed flexures may lead to some locomotion but not to 
typical swimming movements. It is apparently the growth 
of motor fibers on the original side of stimulation which permits, 
during the swimming stage, a contraction of the muscles of this 
side. Since more synapses are involved in shunting the excitation 
to the opposite side, the flexure away from the side of stimulation 
follows the first flexure after a brief interval. During both the 
S-reaction and the swimming stage the first flexure is the stimulus 
for the second, and the second for the third. Experience and 
exercise play no part in teaching Ambystoma how to swim. 
Nerves grow because of their own potentialities, and the series 
of different responses arise as new synapses are formed between 
the nerve processes. 

The reflexes of walking in Ambystoma are derived, as Coghill 
(1929) has shown, from this swimming-reaction pattern. The 
first motor nerves reaching the muscles of the limb are branches 
of the same fibers that are stimulating the trunk muscles into 
contraction. The first movements of the limb are, therefore, 
correlated with body movements, and the limbs respond to pos- 
tural stimulations earlier than to external influences. Walking 
has not arisen by the coordination of local reflexes in the append- 
ages. The arm is moved as a whole before the forearm gains 
independent action, and the forearm develops its reflexes before 
the digits acquire theirs. The basis of this development of local 
reflexes within a larger pattern is the growing of collaterals from 
already functioning nerves into new territory. The tongue of 
Ambystoma receives branches from the motor neurons engaged 
in integrating trunk movements long before the tongue has 
muscle tissue in it (Coghill, 1929). Thus, adaptive movements 
of tongue or limbs have not arisen by a coordination of local 
reflexes which at the beginning had considerable independence. 
Rather, reflexes arise by the individuation of portions of a larger 
behavior pattern. During both ontogeny and phylogeny the 
swimming movements of the trunk are reduced, while the limbs of 
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Amphibia acquire a greater independence of action. In sala- 
manders the primitive sinuous movements of the trunk have not 
been wholly given up in even the most efficient walkers. 

Walking, just like swimming, is, therefore, native and 
unlearned. Matthews and Detwiler (1926) reared Ambystoma 
larvae 8 days in chloretone and found that at the end of this time 
they had developed the same reflexes as in controls which had 
been active during this period. The work has been extended to 
Wood-frog tadpoles by Carmichael (1926) with similar results. 
Carmichael (1927) has also repeated the experiments on Ambys- 
toma larvae. He has found that the first observable response in 
an individual reared in chloretone was on release from anaesthetic 
('ssentially the same as in one that had been free-moving during 
the same period of growth. It is from such observations as these 
that we must conclude that “Nerve cells, like seeds planted by a 
gardener, spring up and grow according to a definite pattern,” 
and it is the position and interrelationships of the twigs of the 
growing plant which give at various stages of development the 
different behavior patterns to the organism which happens to 
bear this sprouting seed. Walking, as well as swimming, is the 
end result of nerve growth and adjustment. Experience has 
nothing to do with the form into which the behavior of the animal 
is cast. 

Multiple Uses of Single Reflexes and Instincts. — It sometimes 
happens that the same reflex may gain a different significance in 
different groups of animals. For example, one of the most strik- 
ing reflexes among Salientia is the so-called “unken” reflex. 
The European Fire-bellied Toad, Bomhina hombinay if suddenly 
disturbed will bend its head and legs sharply back over the body 
and turn the ventral surfaces of its forearms upward in such a way 
that more or less of its gaudily colored undersurfaces are exposed 
(Fig. 131). This habit also appears in the same form in the brightly 
colored but unrelated Dendrophryniscus stelzneri (Fernandez, 
1927) and has often been assumed to be a warning attitude on the 
part of the toad, for its skin is more poisonous than that of various 
other European Salientia. It is assumed that the toad’s possible 
enemies, if sufficiently warned, would avoid an encounter. Loh- 
ner (1919) has found that the reflex may be evoked even in decapi- 
tated animals and hence must have its coordinating centers in the 
cord. The typical unken reflex is characterized not only by a 
distinctive posture and immobility but also by a closure of the 
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eyes, a slowing down of the respiratory -movements, and an 
increase in the skin secretion. Though decapitated animals 
assume the characteristic pose, the reflex is not present at its 
maximum. Thus, the brain of the intact animal has some influ- 
ence on this reflex. hatever may be the significance of the 
reflex in Bombina, Hinsche (1926) has shown that the same reflex 
is present in the drab-colored IMidwife T.oad, Alytes, and, further, 
that various hmropcan species of Kana and Bufo exhibit more or 
less of the reaction. In these forms the reflex might be of assist- 
ance in avoiding obstacles to locomotion. 'I he Bullfrog, Rana 
caienheianaj if cornered, will sometimes thrust out its arms and 
flatten its body. The back is not curved upward as in Bombina, 
but otherwise the reaction has a considerable resemblance to the 
unken reflex. At low temperatures the reflex of Bombina is 



riG. 131.— The 


"unken reflex" of Bombina bombina. 


incomplete and resembles that of Rana, giving further evidence 
that both reflexes have the same neuromuscular basis in spite of 
the different functional significance in the two groups. The 
reflex has also been compared with the induced state of tonic 
immobility in animals and with hypnotism in man. Frogs 
stroked on the back or laid ventral side up frequently “play 
dead.” The reaction is so different from the avoiding movements 
of the unken reflex that the two phenomena would seem to have a 
different nervous basis. Whether or not the unken reflex is a 
type of tonic immobility, both types of response need not involve 
the higher centers of the brain. If the back of a decerebrate frog 
is rubbed, it exhibits the usual hypnotic response. Further, the 
response is greater in the female than in the male (Verworn, 1897). 
This response may have some significance in the mating process, a 
vigorous grip of the male tending to throw the female into a state 
of tonic immobility and thus prevent her escape. 

The unken reflex is an example of stereotyped behavior com- 
mon to a natural group of forms and yet modified according to the 


/ 
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species. Have all reflexes and instincts been gradually modified 
in this way during phylogeny? In the ontogeny of Ambystoma, 
Coghill showed that the growth of certain axons and dendrites a 
fraction of a millimeter changed a helpless individual into one 
capable of exploring its environment. Similarly, in phylogeny, 
we should expect totally new behavior patterns to arise fully 
formed as the result of small morphological changes of the nerve 
patterns. Nevertheless, some reflexes and instincts have 
remained relatively stable during evolution, while others, such as 
the unken reflex, have been gradually modified. Since the walk- 
ing reflexes have arisen from the swimming reflex' pattern by 
individuation of parts during ontogeny, the same phenomena of 
individuation might be expected to account for the origin of new 
reflex patterns from a more generalized behavior pattern during 
phylogeny. 

Defense Reaction. — One of the most complete studies of the 
phylogenetic change in a behavior pattern in Amphibia has been 



Fio. 132. — The defense-fight reaction of Bufo calamita. {After Hinsche.) 

made by Hinsche (1928), Most Salientia when annoyed will 
inflate their lungs and bow their heads, assuming a defensive 
attitude. The inflation increases the size of the body and removes 
all wrinkles from the skin. Smooth, swollen frogs are both 
difficult to seize and difficult to swallow. Some toads add to 
this defense reaction several aggresive movements. The limbs 
are stretched, bringing the body clear from the ground, and then 
the whole body is brought forward in a butting reaction (Fig. 132). 
At the same time, the Spade-foot Toads may give a *Tright cry,” 
and frogs may scream with open mouths. Apparently, Cera- 
tophrys and Leptobrachium carinense add effective biting move- 
ments to this chain of reactions. There is no doubt that both 
the defensive and offensive components of this series of events 
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are effective in warding off the attacks of both snakes and birds. 
The inflation of the body and the straightening of the limbs are 
part of the defensive mechanism of lizards, and hence at least 
this part of the response may be considered an ancient inheritance 
from the early tetrapods. 

The defense-fight reaction may be evoked in Salientia by either 
optical or tactile stimulations. Hinsche found that color had no 
modifying influence but that both the size and the speed of the 
approaching object were important considerations. Small 
objects elicited a feeding reaction in Bufo vulgaris, while objects 
larger than 75 sq. cm., unless possessing projecting parts, induced 
no response. Toads suddenly confronted by a mass of wriggling 
worms lowered their heads and chargt*d, but when the worms 
began to disentangle themselves this defense-fight response was 
replaced by the feeding reaction. By using the legless lizard, 
Anguis, of different sizes, Hinsche was able to establish that 
B. vulgaris would react to a moving wormlike creature of less than 
23 cm. in length, chiefly by the feeding response, while similar 
creatures above that size evoked principally the defense-fight 
reaction. Large snakes were not effective as a whole but only in 
so far as their head and tongue came within the requirements 
necessary to induce the response. The sight of harmless animals, 
such as rabbit and guinea pig, as well as of such objects as a rubber 
tube, could call forth the response, while many enemies either 
too large or too swift brought no reaction. The approaching 
animal, in brief, is not received as an enemy but only as a bearer 
of certain adequate stimuli. The defense-fight reactions of 
Bufo are specific not to hostile enemies but to a complex of stim- 
uli. Nevertheless the reaction was found to be effective against 
the toad’s greatest enemies, snakes, which were of sufficient size 
and approached slowly enough to call forth the response. The 
touch of a snake’s tongue or head augmented the response 
evoked by the sight of the snake. 

Many factors modified the response of toads to possible 
enemies. During states of maximal excitation all moving objects, 
whatever the nature of the movement, were effective. Toads in 
a corner responded more quickly with a defense-fight reaction 
than those with avenues of escape open to them. The flight 
response was in a certain sense antagonistic to the defense-fight 
response. It was, perhaps, for this reason that frogs capable 
of rapid flight failed to exhibit a complete defense-fight reaction 
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under laboratory conditions. In their phylogeny the flight 
response had been developed to the detriment of the alternative 
response. In the same way, natural selection may have pro- 
vided that the snapping reflexes of Ceratophrys, a cannibalistic 
form, were made part of the fight response rather than that they 
remained a wholly separate reaction induced by the sight of 
small moving objects as in the case of the toad. 

The various components of the defense-fight reaction, although 
linked closely in this response, are apparently used separately 
under other circumstances. Thus the humping of the back with 
the lowering of the head is used in skin shedding. The same 
reflex helps the male to maintain his grip on the female, and 
Hinsche finds the defense kicks used by embracing males to ward 
off their competitors the same as the rearing reflexes in the 
defense-fight response. In burrowing, the crouching and rearing 
would also be effective. Similarly, the eye-closing reflex has 
important functions other than those concerned with protecting 
the eyes. In most Salientia and many urodeles the retraction of 
the eyeballs aids in the swallowing, for the eyeballs are forced 
partly into the mouth cavity and tend to carry the food toward 
the midline and posteriorly. Hinsche (1926 h) has shown that 
tactile stimulations of a limited part of the roof of the mouth 
induces the reflex in the toad, and no doubt the pressure of food 
on this area calls forth reflexly the retraction of the eyeballs. 
Thus, reflexes, whether or not part of an original pattern, may be 
used separately for totally different functions. 

Even though the reflexes may be linked in certain patterns, 
interfering reflexes or states of excitation must be absent before 
any one complete chain of responses may be elicitated. Evolu- 
tion has proceeded by the shunting in of new reflexes as well as 
by a modification of the old. Species, such as Bufo calamita, 
which are given short legs by heredity, are not able to exhibit the 
same manifestations of the defense-fight reaction as longer-legged 
species. The form of the animal, as well as its state of excitement 

may both modify the response. 

Phylogenetic Change of Instincts. — Many behavior patterns of 
Amphibia exhibit phylogenetic changes. Such, for example, 
may be seen in the courtship of salamanders. Here reflexes are 
linked together as in the case of the defense-fight reaction, but a 
longer interval occurs between the several responses. Courtship 
behavior is, thus, a good example of an instinct, and the phylo- 



INSTIXCT AND IXTELLIGEXCE 


385 



Fio. 133. — The evolution of the courtship of some salamanders. A. Hydro- 
mantes genet. B. Eurycea bislineata. C. Trilurus vxridescens. D. Euproctus 
asper. {After Dahne.) E. Pleurodeles waltl. F. Ambystoma maculatum, 
{After Breder.) G. Hynobius lichenatus. {After Sasaki.) 
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genetic change of this instinct within a single group of Amphibia 
may be considered in some detail (Fig. 133). The most primitive 
urodeles living are the Hynobiidae. The males come first from 
hibernation and resort to temporary pools, slow-moving streams, 
and in a few instances to lakes. They are followed a day or so 
later by the females, which soon begin to lay their paired sacs of 
eggs. Sasaki (1924) has made detailed observations on Hynobius 
lichenatus. The female selects a rock or other submerged object 
and an attempt is made to glue the egg sacs to it. This is followed 
by backward movements for the purpose of drawing the remainder 
of the egg sacs out of the oviducts. The males, which up to this 
point are indifferent to the females, now dart rapidly forward and 
clutch the egg sacs with their forelimbs, while they push the 
females away with the hind ones. The males rub the egg sacs 
with their cloacal lips while fertilizing them, and the movements 
of their hind limbs assist in the delivery of the eggs. The males 
still cling to the eggs for a period after the female has deposited 
the spawn and has sought concealment under some object. 

'The Cryptobranchidae may be considered permanent hynobiid 
larvae or partly metamorphosed forms of large size. Although 
living throughout the year in the water, they become gregarious 
during the breeding season, which occurs in the fall, as with some 
specimens of II. lichenatus. Fertilization is external as in the 
Hynobiidae, and the sight of the string of eggs seems to be the 
immediate stimulus for the emission of the sperm (Smith, 1907). 
The tendency for the male hynobiids to remain with the eggs is 
extended in the cryptobranchids, for here the males stay with 
them until hatching and may frequently devour part of their 
trust. 

The ambystomids show a close relationship to the hynobiids, 
but they have developed a true courtship which can be evolved 
only with difficulty from the pattern of the hynobiids and 
cryptobranchids. The males precede the females to the pond 
and, in Amby stoma maculatum at least, engage in a Liebesspiel 
on the appearance of the females. The males twine back and 
forth over one another and rub their snouts against each other s 
tail or body, beginning usually at a posterior point and working 
forward, the most aggressive male frequently pushing his head 
under the body of another. In the axolotl, according to Gasco 
(1881), both sexes take part in these caressing movements. 
Wright and Allen (1909) found that the mere presence of the 
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female in the jar with males excited them to sexual activity, but 
whether the males could sense the eggs in the body of the female 
or were stimulated by some other factor was not determined. 
The female axolotl noses the cloaca of the male, apparently 
attracted by the secretion of the abdominal gland. Males of 
this and other species of Ambystoma have been found to fan their 
tails in the direction of the female during courtship, apparently 
to waft the same secretion toward her. The male of one species 
of the genus, A. jeffersonianinny apparently seizes the female with 
his hind legs (Wright, 1908). In brief, there occur in Ambys- 
toma elaborate rubbing movements directed toward the females, 
and apparently it is the secretions released by the male which 
hold her interest. The nature of the sensory stimulations which 
first arouse the interest of the male in the female is unknown. 
The courtship of Ambystoma is directed toward stimulating the 
female to the point where she will pick up the spermatophore 
which the male deposits. Gasco (1881) de'seribes the female 
axolotl as pressing the spermatophore into her cloaca with her 
hind limbs, b\it in A. maculatum the cloacal lips take up the sper- 
matophore unaided. Fertilization is internal, the males taking 
no interest in the eggs which are laid several days or more after 
impregnation. 

The courtship of all the other families of salamanders, as far 
as known, seems to have been built out of the pattern of Ambys- 
toma by the elaboration of one or more phases of it. The 
primitive salamandrids Tylototriton, Pleurodeles, and Sala- 
mandra have given up the random rubbing movements and 
elaborate further one reaction found in Ambystoma. The male 
creeps under the female and seizes her front legs from behind, 
with his front legs. The “piggy-back ride” which follows finally 
results in the emission of the spermatophore by the male and its 
being secured by the female. This peculiar courtship, w'hich 
may occur either on land or in water according to the species, is 
probably found in other salamandrids such as Chioglossa (Bou- 
lenger, 1910), but it does not occur outside the family. In some 
species more or less of the nosing and cloacal display also occurs. 
A few primitive salamandrids have seized upon other phases of 
the courtship seen in Ambystoma and developed them along 
other channels. Klinge (1915) reports the male Triturus pyrrho- 
gasteVy a Japanese newt, as partly gripping the female from above 
with both pairs of limbs while lashing with his tail to drive secre- 
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tions of the cloaca toward her. One forelimb is placed over her 
neck and one hind limb across her back to hold her while the 
cloacal secretion is wafted toward her. After the spermatophore 
is deposited and the female has brought her cloaca in contact 
with it, the male may bite the female in the inguinal region and 
this is said to aid in the taking up of the spermatophore (Klingel- 
hoffer, 1930). 

The western newt of America, T. torosuSj is probably closely 
related to T. pyrrhogaster, and its courtship is essentially the 
same. The male grips the female with fore- (Schreitmuller, 1909) 
or both pairs of limbs (Storer, 1925). The eastern newt, T. 
viridescenSj uses its hind limbs for the same purpose and brings 
its cheek against the snout of the female. The cheek is equipped 
with a battery of hedonic glands~which serve to quiet the female 
(Rogoff, 1927) and finally to induce her to follow the male while 
he moves off a short distance and emits the spermatophore. It 
is probable that similar hedonic glands are found in the tail 
spine of Salamandra caucasica^ but their functioning has never 
been observed. Schlosser's account (1925) of the courtship of 
Salamandra aira suggests that hedonic glands may function in 
this species as well. Apparently the male seizes the female 
about the neck with his forelimbs and rubs some of his secretion 
into her nostrils. Whether S. atra also carries the female in a 
preliminary “piggy-back ride” as in S. salamandra is not known, 
for a complete courtship of the species has not been witnessed. 

The European newts of the genus Triturus represent anatomi- 
cally a more advanced group of salamandrids than the species 
just mentioned. They have developed still another mode of 
interesting the female in the business of picking up the sperma- 
tophore. The males are for the most part conspicuously colored 
and they display themselves before the female. Sexual dimor- 
phism of color is found also in T. pyrrhogasteVy the female having 
a red stripe on the tail, the male a black one. This difference 
may help the clutching males to distinguish females from their 
own sex, but the dark tail is not used in display. The nosing 
and tail lashing movements of Ambystoma also occur in the Euro- 
pean newts. 

Strotgen (1927) saw the diminutive Salamandrina deposit 
spermatophores. Since the male was following the female, the 
courtship may resemble that of Ambystoma. The mountam 
newts of Europe, Euproctus, are not conspicuously colored, 
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and since they live in mountain streams or near the bottom of 
lakes, they have little opportunity for display. They, on the 
other hand, seem to have elaborated the entwining phase of 
the courtship of Ambystoma. The males lie in wait for the 
female and seize her with either tail or teeth. The fore- or hind 
limbs are also used, according to the species, to maintain the 
grip. The spermatophore may be either deposited near the 
cloaca of the female or transmitted directly into it. In brief, 
various natural groups of genera or species of salamandrids are 
each characterized by its own distinctive type of courtship, the 
most essential features of which seem to be a further specializa- 
tion of part of the courtship exhibited by Ambystoma. The 
Salamandridae probably did not evolve directly from ambys- 
tomids, but both may have evolved from the same stock. It 
would seem that this stock exhibited a generalized type of court- 
ship which was retained by Ambystoma, but parts of it were 
modified in different ways by the various natural groups of 
salamandrids. 

The Plethodontidae, which evolved directly from salamandrids, 
seem to have specialized in hedonic glands as the source of stimu- 
lation. While these glands are restricted to the cheek of the 
newt and apparently the tail of Salamandra caucasica, they are 
widely distributed over cheeks, body, and tail of most male 
plethodontids. Their courtship was first made known in Eurycea 
bislineaia. The male noses the female and frequently bends his 
head across her cheek exactly as in the case of the newt in 
amplexus. The female finally shows an interest in him and steps 
across his tail to press her snout tightly against the glands in his 
tail base. The pair then engage in a grotesque walk, the male 
bending his tail sharply at the base. Other plethodontids, as 
shown by Noble and Brady (1930), may differ from Eurycea in 
certain details of the first phase of the courtship. It is interesting 
that the “tail walk" should proceed in exactly the same manner 
in both the aquatic Eurycea and the terrestrial Hemidactylium, 
although possibly lost in Hydromantes. The character of the 
medium, thus, fails to modify the courtship pattern in both sala- 
mandrids and plethodontids. The courtship pattern would seem 
to have evolved in phylogeny without a close habitat correlation. 

It would appear that any behavior as complex as the courtship 
of Salamandra or Eurycea, and involving the two sexes for its 
successful conclusion, must have some psychical content. The 
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development of specialized courtships out of a more general 
pattern tends to keep the derived groups from ever crossing. 
Even if the germ cells could be cross-fertilized, no interbreeding 
would occur in nature, for the groups would not be psychically, 
that is, instinctively compatible. Within any one group of 
related species there appear to be other mechanisms which 
prevent crossing. Thus, Noble and Brady found that Stereo- 
chilus and Eurycea would not court with one another. Since 
the males nosed the females before rejecting them, there was 
apparently some odor in the skin of the females which was dis- 
tasteful to the males. 

Mechanism of Instinct, — Although the courtship of many 
salamanders has a very stereotyped form, the centers in the cen- 
tral nervous system controlling this or any other instinct have 
never been determined. Each instinct probably embraces a 
great many centers. As suggested by the breeding of Eurycea, 
one center aroused by an initial stimulation makes possible the 
activation of a second center by a different type of sensory 
impulse from that which aroused the first center. Various 
instincts such as the hunting reaction may be induced by impulses 
from visceral centers. Instincts are, therefore, internal states of 
readiness which exist until the proper stimulus releases the cul- 
minating reflexes. In the hunting reaction the stimulus would be 
the sight of food, and the culminating reaction the snapping and 
swallowing reflexes. During the breeding season, the hormones 
from the gonads make possible the functioning of certain reflexes 
such as the clasping reaction, but the mating instinct is not 
satisfied until a series of reflexes have functioned, more or less in 
their proper order. 

The unfolding of an instinct such as that of hunting discloses 
that one stimulus and response may predispose a second reflex 
to function. Further, Amphibia differ in the degree to which 
they “warm up” to a situation. For example, Yerkes (1905) 
found that if a sound was produced near a frog within two seconds 
of the time of a tactile stimulation, the response to the latter was 
greater than if there was no sound. If the sound came oyer 2 
seconds before the tactile stimulus, it had no “significance for 
the frog; that is, the response was not affected. Bruyn and Van 
Nifterik (1920) found in the toad that even with an interval of 
10 seconds between noise and tactile stimulus there was still a 
great reinforcement of the reaction. Sound has thus a muc 
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greater significance for toad than for frog. Once an insect has 
given away its location by a sound, the toad is “tuned up” and 
holds this tuning much longer than the frog. The toad is thus 
better equipped to hunt than the frog. Although neither frogs 
nor toads respond to ordinary sounds by movement, toads have a 
greater power of retention than frogs, and this persisting nervous 
state makes them better fitted to survive competition on land. 

Thus, a nerve center such as the acoustic nuclei in toads does 
not always discharge instantly into a motor tract. It remains 
pent up, predisposing a second center, over which it has no motor 
control, to function more effectively when the proper external 
stimulus arrives. Worms which were writhing too violently, due 
to the fact that they were fastened to a pin, did not induce the 
feeding reactions of Bufo calamita, according to the observations 
of Franz, so quickly as did normal worms. Many AinphiVjia 
make use of certain stimuli to put them on guard when hunting, 
and other excitations to release the snapping reflexes. Thus, 
salamander larvae turn their heads toward forceps thrust in their 
aquaria, for they feel the vibrations with their lateral-line organs. 
When these stimulations are reinforced by olfactory or optic 
impulses, the snapping reflex is finally evoked. Whitman (1899) 
has shown that a similar cautious approach toward possible 
food is employed by both young and old Necturus, The adults 
are very successful in capturing living prey, merely because they 
have inherited a nervous organization which demands delibera- 
tion or warming up before the final attack. Instincts may in 
some cases take as good care of an organism as intelligence in the 
same circumstance could do. 

If the vibratory stimulations impinging on a Necturus should 
be excessive, they would evoke not approach, but flight move- 
ments in the animal. One cutaneous area can produce different 
reflexes according to the quality or nature of the applied excita- 
tion. Detrimental stimulations evoke defense or preservation 
reflexes, while useful excitations call out other movements which 
arc usually opposed. This is well shown by Ten Cate’s experi- 
ments (1928) on locomotion in the newt. A gentle stimulation 
of the soles of the hind feet after the spinal cord has been cut 
brought forth walking movements; a stronger stimulation of the 
same area released defense reactions. The modifying influence 
of a reflex might come through the central nervous system from 
another center. Thus, unusual visual impressions in either 



392 


THE BIOLOGY OF THE AMPHIBIA 


Necturus or the newt might evoke flight movements of the 
limbs instead of an approach. Such behavior need not possess 
any psychical content. If a frog with its brain entirely destroyed 
is slightly pinched on one foot, it will withdraw this appendage; 
a stronger pinch evokes kicking reflexes; a more violent pinch 
produces jumping movements. Obviously here the increased 
stimulation has brought additional efferent paths into the reflex. 
The higher centers of the brain may in the same way increase or 
decrease the number of arcs involved whether or not these impul- 
ses from higher up also have some psychical qualities. The 
higher nerve centers of the brain thus inhibit or facilitate the 
activities of the various reflex arcs of the spinal cord. Typical 
reflex responses to definite stimuli occur more uniformly after the 
brain has been destroyed than before. 

Learned Behavior. — Although instinct is unlearned behavior, 
it may, like most other inherited features of an organism, be 
modified by environmental influences. The more loosely organ- 
ized an instinct is the more chance there is for trial and error, and 
this in turn allows experience to modify the pattern in favor of 
one reaction instead of another. Learning is due to the increased 
conductivity of certain neural paths. As discussed in the pre- 
ceding chapter, the change apparently occurs at the synapses of 
much used neurons. In all vertebrates the forebrain, especially 
the cerebral cortex, contains the neural pathways which are most 
subject to modification through use; in other words, these neurons 
form the center of associative memory. Burnett (1912) has 
experimented with decerebrate frogs. He found that in learning 
a maze, the normal frogs of the species he used {R. pipiens and 
R. hoylii) would make their escape after about 20 trials with 
rarely an error. For the decerebrate frogs over 100 trials were 
made and the last trial was no more successful than the first. 
Further, the reflex excitability of the decerebrate frog is height- 
ened, owing to the loss of inhibitory influences from the higher 
centers. Burnett concluded that the decerebrate frog is incap- 
able of forming even the simplest associations. Hence, in 
Amphibia as in other vertebrates, the forebrain must be con- 
sidered the primary seat of learning. 

Although all animals are able to learn, that is, to modify their 
inherited reactions, it is not until the development of a cortex in 
the cerebral hemispheres of higher vertebrates that a type of brain 
is evolved which makes possible numerous juxtapositions of 
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sensory data and also gives the possibility that training may 
influence to a considerable degree the effector path selected. 
Such a brain is less stereotyped but more adaptable than the brain 
of lower forms with their closely knit set of instincts. Hence, in 
a changing environment it would surely succeed, while the latter 
might fail to find an environment sufficiently stimulating to 
release its highly organized chains of reflexes. 

Amphibia, in spite of their rudimentary or lacking cortex, are 
able to learn other things besides running mazes. As everyone 
knows who has kept salamanders or frogs for any length of time 
in aquaria, most regularly fed Amphibia soon learn the source 
of their food and expectingly turn their heads when anyone 
approaches their tank. Toads fed only once a week learned the 
feeding time after only 30 or 40 feedings and displayed distinctive 
reactions on these occasions even before the food was presented 
(Vandel, 1927). Schaeffer (1911) found that three common 
species of Rana learned to avoid disagreeable objects such as 
hairy caterpillars in from four to seven trials. This learned 
habit persisted for at least 10 days. When assisted by the 
punishment of an electric shock, a Pond Frog learned to avoid 
earthworms treated with chemicals in only two trials. Buyten- 
dijk (1918) found that two European species of toad would 
seize red ants, Formica rufa, but after a single experience would 
avoid not only an ant but even spiders and flies. The following 
day ants were avoided but spiders were taken. Rarely, a toad 
would seize an ant on the second day, but usually it was not 
until the third or fourth day after the capture of the first ant that 
others were taken. Thus, toads may learn as quickly as mam- 
mals, but they remember for only a limited period. Razwilowska 
(1927) taught a frog to associate a square of a certain size with 
food. When only the square was presented, the frog reacted as 
if food were present. This is the more surprising in that Franz 
(1927) showed that even after feeding Rana iemporaria and Bufo 
calamita for months with meal worms, they would respond only 
to moving, never to the quiescent, objects. A meal worm had 
no “significance” for these Amphibia unless it moved. Buyten- 
dijk (1918) found that a toad may seize a moving piece of paper 
but after one experience will not make a second attempt for some 
minutes. If, however, the toad is fed an insect, it will return to 
the attack on the paper. Experience thus changes the signifi- 
cance of an object. A single successful capture of an insect 
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modifies the reaction of the toad toward another object. It 
changes the toad's “point of view.” 

Any object in a stable environment has a different significance 
for Amphibia at different times. This significance varies not 
only with experience but also with the physiological state of the 
animal. Haecker (1912) found that axolotls could be taught to 
distinguish between a piece of meat and one of wood of the same 
size. During the breeding season the number of errors in making 



Fig. 134. — Glass plate experiment with Bufo calamita. The position of 
the glass plate and the path selected by the toad are indicated for successive 

trials. {After Buyiendijk.) 


this distinction increased. Flower (1927) found that axolotls 
during metamorphosis completely forgot earlier feeding experi- 
ences and had to be taught all over again. Sexual activity and 
metamorphosis may thus affect the learned behavior. No 
doubt hunger, noise, and other stimulations would also have an 
effect on learned behavior, whether or not acting directly on the 

reflexes. 

Amphibia show some aptitude in learning motor habits. 
Terrestrial forms such as toads and newts learn to find their way 
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through a maze more quickly than aquatic species as the frog. 
Buytendijk (1918a) showed that toads in seeking for obscurity 
will learn after only nine trials how to avoid a glass plate placed 
directly in their way. Buytendijk found, as Cummings (1910) 
had observed in a British newt, that movements once made 
tended to be repeated in later trials (Fig. 134). Motor reactions 
which are not harmful or which do not conflict with some bene- 
ficial activity tend to persist. This "muscular memory" is 
doubtless of assistance in helping toads find their way back to 
their usual retreat after a night of hunting. Buytendijk found 
that useless motor habits not only persisted a long time in the 
toads he studied but could even reappear "with more or less 
modification after they had once disappeared. 

Homing is not accomplished entirely by muscular memory. 
As Franz (1927) showed with toads, vision plays an important 
role in controlling the orientation. Rana has not so good eye- 
sight as Bufo, and Franz showed that it found its way back to an 
accustomed retreat with greater difficulty. The observations 
of Yerkes (1903) make it clear, however, that vision plays a part 
in the homing of Rana claniitans (Chap. XVII). 

Intelligence. — In comparing toads with frogs, the former were 
found not only to learn more quickly but to react more promptly 
to many stimulations. Toads have, therefore, a greater intelli- 
gence than frogs, for intelligence is not measured merely by 
ability to learn. Responsiveness, curiosity, and persistence are 
factors entering into the intelligence of toads and other verte- 
brates. Franz (1927) concluded that Bufo calamita in its prompt 
handling of complex food situations was on the same psychological 
plane as reptiles. It is doubtful if Bufo, placed in the water, 
the home territory of Rana, would prove as much a master of the 
situation as the frog. Nevertheless, Hinsche (1926a) showed 
that if the toad was gradually conditioned to the water it would 
voluntarily return to it. Under these conditions, the toad 
developed Rana-like movements which it never ordinarily dis- 
closes. Apparently the aquatic environment permitted the 
functioning of reflexes which usually do not appear during the 
life of the toad. If Hinsche’s interpretation is correct, other 
Amphibia also may well have instincts and reflexes which they 
never exhibit, merely because the conditions of their present 
life do not activate them. The voluntary return to the water 
induced by Hinsche may be compared with the normal migration 
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to the ponds in the spring. Apparently an environmental factor 
can release an instinct in the toad, usually activated only by 
secretions from the gonads. 

It is highly probable that other Salientia are as intelligent and 
as versatile as the toad. Biederman (1927) reports the European 
Tree Toad as having a retentive memory, and Yerkes (1903) 
found that the Pond Frog, Rana clamitans, could remember its 
way out of a maze after the lapse of a month. The various 
European Salientia differ greatly in their speed of learning and 
ability to remember. Nevertheless, the Amphibia as a group are 
not better endowed with ability to learn and to remember than 
some fish (Hempelmann, 1926). Learning seems to have played 
only a minor part in the success of the various groups of Amphibia. 
The instinct patterns are so much more in evidence than learned 
behavior throughout all groups of Amphibia, that the latter type 
of behavior may well be neglected in considering the evolution of 
the groups. 
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CHAPTER XVII 


THE WAYS OF AMPHIBIA 

The behavior of Amphibia has been briefly analyzed in the 
previous chapter, but little space has been given to the placing 
of these behavior patterns in their natural surroundings. Since 
Amphibia learn little during their life, it is chiefly their instincts 
which direct their movements. A few of the major activities 
of Amphibia may be discussed in relation to their natural setting. 

Migration. — Frogs, toads, and salamanders undergo periodic 
migrations. There is such a close resemblance between these 
migrations and those of fishes and birds that the causes and 
controlling factors are apparently much the same. In the spring 
most northern Amphibia come to the ponds or streams to breed, 
the males usually preceding the females by one or more days. 
This order of arrival at the breeding grounds occurs also in the 
purely aquatic Megalobatrachus (Tago, 1929) and is character- 
istic of many other groups of vertebrates. As with birds, the 
male frogs and toads select calling stations and endeavor to 
attract females toward them by their cries (Fig. 135). With sala- 
manders, voice plays no part in either migration or sex recogni- 
tion, and hence the early appearance of the males has no obvious 
advantage. In correlation with the absence of voice the process 

of successful mating is much more complicated in salamanders 
than in frogs. 

The problem of the causes of migration has two different 
aspects: first, the development of a sensitivity toward certain 
external stimuli, and, second, the nature of the directing mecha- 
nism of migration activated by this change. The first process 
is primarily controlled in Amphibia by the seasonal hypertrophy 
of the gonads, which in turn are under hormonal control, espe- 
cially by the anterior pituitary gland. Sexually immature indi- 
viduals do not take part in the chief migrations. The final 
releasing factor of the migratory impulse is a climatic change. 
Wright (1914) showed the close correlation between the migration 
of certain frogs of northeastern United States and the land or 
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water temperatures of the region, while others have stressed the 
importance of a sudden increase of humidity in producing the 
spring movements (Cummins, 1920; Noble and Noble, 1923). 
Heavy spring showers usually initiate the migration of salaman- 
ders of both local and foreign species (Kunitomo, 1910). In the 
tropics, cooling thunderstorms of the wet season bring forth 
thousands of loudly calling frogs. Bles (1906) showed the 
importance of a slight cooling of the water in stimulating the 
breeding activities of African water frogs, Xenopus. Frogs are 
as sensitive to changes of temperature as are human beings 
(Babdk, 1912), and laboratory experiments have shown that 
salamanders distinguish between regions of different humidities 



left orifice to pouch. 

(Shelford, 1914). In addition to temperature and rain, local 
conditions may affect the migrations of a species. Thus, Piersol 
(1929) has shown that Ambystoma maculatum of a certain region 
near Toronto deposited its eggs over an extended season with the 
maxima about 10 days apart. This was due to the fact that the 
adults hibernated in two banks which were unequally exposed 
to the sun. 

Nevertheless, Amphibia do not always show a close correlation 
between migration and certain temperature and humidity levels. 
Storer (1925) found that various western toads and frogs had a 
protracted breeding season, and other species exhibited a certain 
correlation between egg laying and times of flood. Migration 
may in certain cases take place without any external stimulation, 
for salamanders which are bred in the laboratory frequently 
retain for a time a periodicity in their egg laying and probably, 
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therefore, in their desire to migrate. Toads which were allowed 
to hibernate in the laboratory at room temperature have been 
known to appear in the spring at the right season and to call 
loudly for mates before making an effort to find food or water. 
It is highly probable that the migrations of many Amphibia are 
controlled by such rhythms which are in turn determined by 
climatic changes of previous seasons. These rhythms as sug- 
gested by recent endocrine studies are directly controUed by 
hormones released from the anterior lobe of the pituitary. Both 
frogs and salamanders may be induced to lay their eggs out of 
season by treating them with fresh anterior pituitary substance 
(Chap. XIII). The release of this hormone from the pituitary 
gland is probably under nervous control. This would account 
for the close correlation of breeding with certain favorable 
climatic conditions. Under laboratory conditions, certain spe- 
cies, such as Pleurodeles wall!, may be induced to lay their eggs 
merely by placing them in an ice box over night and trans- 
ferring them the next morning to tanks suitable for breeding. 
The sudden rise in temperature releases the ovulation cycle, and 
both courtship and breeding will frequently follow. 

Direction of Migration. — The second problem of migration is 
the nature of the directing mechanism. This is probably not a 
simple tropistic phenomenon, for Amphibia breed in a great 
variety of situations, each species usually in a distinctive habitat. 
Many land species migrate to ponds to breed, others to mountain 
streams (Salamandra, etc.); some species move from trees to the 
ground (some Eleutherodactylus) or from trees to bushes over 
the water (Phyllomedusa). Parker found that the migration 
of the young Loggerhead Turtle into the sea was not controlled 
by any stimulus received from the water. It was due in part 
to a positive geotropic response and in part to a peculiar photo- 
tropic response in that the animal responded to a detail of its 
retinal image and moved always in the direction of a clear 
and open horizon. Czeloth (1930) has attempted by laboratory 
and field study to determine the kind of sensory data which 
direct the annual migrations of European newts to and from the 
ponds. He finds that both aquatic and terrestrial individ- 
uals wiU follow the odors of garden earth or of decayed wood. 
Although newts are able to sense and move toward damp situa- 
tions, their response to earthy odors is stronger. Individuals 
freshly removed from the water exhibit a marked positive geo- 
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tropism but eventually orient themselves in the direction of the 
water and will move up and down inclines to reach it. In such 
cases the newts may be responding to either moisture gradients 
or odors of water vegetation. In the fall other kinds of sensory 
data may prove more attractive. At this time of year the tend- 
ency of newts to seek cover may extend to their directing them- 
selves toward any object, such as a wood, which tends to darken 
portions of the horizon. The European Salamandra responds 
apparently much more specificially to environmental factors in 
the fall, because at this season great numbers of individuals 
seek the same retreat and form inpressive aggregations during 
hibernation. 

It sometimes happens that in birds and fishes the breeding 
site may correspond to the probable home of the migrants' 
ancestors. In another chapter it is pointed out that the breeding 
habits of Amphibia frequently change more slowly than the adult 
characters of a form. If a species retains the same breeding 
habits of an ancestral form, it will tend to migrate to the same 
breeding grounds. Thus, in Amphibia the derived species may 
migrate to the ancestral home to lay its eggs. The mountain 
salamander, Desmognathus fuscus carolinensisy returns to the 
proximity of mountain streams and lays its eggs in the same man- 
ner as its close relative D. f. fuscus which never lives far away 
from the water. In cases, however, where the mode of life history 
has changed, the breeding habitat may give no clue as to the cen- 
ter of dispersal of a group. For example, Hemidactylium seems 
to have been derived from the terrestrial Plethodon, but its 
mode of life history is such that the species is forced to make 

annual migrations to the borders of ponds. 

The phenomenon of migration, or at least of the spring migra- 
tion, may be considered a secondary sexual character found in 
both sexes. The problem of migration is to determine, first, the 
sensory mechanisms directing the movements and, second, 
how the sex hormones elaborate or activate these mechanisms 
and especially their central connections. In the discussion 
of the secondary sexual characters it was pointed out that various 
structures may appear during the breeding season and owe t em 
development to the presence of gonad hormones released at this 
time. There are probably no special sense organs developed in 
the breeding season to direct migration, but existing perceptua 
mechanisms are especially sensitized by the sex hormones and 
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then suddenly called into action by an external stimulus, a cli- 
matic change. 

A comparison may be made between the migration of the 
young and of adult Amphibia. During metamorphosis there 
is a great increase in metabolism and a need for oxygen. It 
would seem to be primarily this factor which drives the metamor- 
phosing Amphibia to land. It is known that the metabolism of 
adult Amphibia changes during the breeding season, but no 
marked drying of the skin or other bodily change has been 
noticed which would account for the migration of the adults in 
the reverse direction. The animals react to certain stimuli 
which did not interest them at other seasons. If the olfactory 
sense plays such an important role in migration as Czeloth’s 
work (1930) seems to indicate, some correlation between the 
direction of the wind and the direction of migration would be 
expected. Naturalists have often noted that the spring migra- 
tions of Amphibia frequently follow definite routes, but they 
have not correlated these routes with air currents. The reverse 
migration away from the grounds after the breeding reflexes have 
been released is, as would be expected, a far more haphazard 
affair. In the case of the western Spade-foot Toad, Scaphiopus 
hammondi, Goldsmith (1926) showed that while at first the adults 
tended to move away from the pools, making 60 to 150 meters a 
night alongthe drainage lines,the migrants after one or twonights 
of rapid centrifugal movement spread out and moved more or less 
at random. Czeloth (1930) found, however, that immature newts 
captured in the act of migration from the ponds regained their 
original orientation when released. In general, nevertheless, 
when the breeding instinct is aroused, species react to certain sen- 
sory data in a more or less reflex manner; while after the final re- 
flexes have been completed, the species return to their usual 
manner of living. Since the sensory and neuromotor mechanisms 
of the various species are unlike, different breeding sites are 
selected and competition is avoided. 

The “homing instinct” is frequently brought forward in dis- 
cussions of migration in other vertebrates. This ability to find 
one’s way home is not well marked in some salamanders (Cum- 
mings, 1912, Storer, 1925), but the species which perform the 
longest migrations have not been investigated in this regard. 
Amphibia when they become sexually mature return to the type 
of breeding site characteristic of the species and hence learning 
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could play no part during the 6rst breeding season. It seems that 
homing has little to do with the phenomenon of migration. 

Although several kinds of sensory data are used by Amphibia 
during their migrations, one of the most important in frogs and 
toads would seem to be the voices of other males of the same spe- 
cies. The first males which happen to reach suitable breeding 
grounds begin to call. Other males and later females are 
attracted by the sounds to the same vicinity. In this way three 
or four species may be found breeding in colonies along the same 
lake without any overlapping of breeding territory (Noble and 
Noble, 1923). In frogs as in birds, the breeding territory is 
usually marked out by the males, and voice in both seems to 
alter or direct the migration route, or at least the path of the 
individual, on nearing the breeding site. 

Homing. — Laboratory experiments have demonstrated that 
frogs, toads, and salamanders are able to learn how to find their 
way through a labyrinth to an accustomed spot. In the case 
of frogs and toads, it would seem that the animals are attuned to a 
certain number of visual impressions and that new scenes are 
avoided apparently because of discordant feelings which they 
arouse. Since useless movements frequently reappear in succes- 
sive trials, it would seem that Amphibia have also a “muscle 
memory,'^ at least for short distances. This obligates them to 
repeat the same kind and number of movements on each return 
home after one or more successful performances. 

Field observations have demonstrated that Salientia make 
frequent use of their homing ability whatever may be the nature 
of their sensory impressions. Toads regularly return to the same 
shelter at night. The large South American frog Leptodactylus 
pentadactylus may have well-marked dens. During the breeding 
season many tree frogs which hide during the day will return to 
precisely the same calling station every night. This is especially 
noticeable when the calling station is on an exposed portion of an 
isolated limb. Breder (1925) found that the males of HyUi 
rosenbergif in Panama, returned on successive nights to the mud 
basins they had constructed along the stream bed for the care of 
their eggs and tadpoles. 

Franz (1927) found that frogs could not home so well as 
toads, but I have frequently noted in the case of Bullfrogs 
that certain places along the lake shore are occupied on successive 
nights during the breeding season by single calling males, while 
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no frogs are in the same place during the day, McAtee (1921) 
reports a Bullfrog, readily distinguishable by a missing front foot, 
being twice removed for considerable distances from its home 
territory to new quarters along the same pond and each time 
returning to the home site. 

Although salamanders are able to learn a maze, they show little 
homing instinct as far as is known. Storcr (1925) found that 
both Batrachoseps and Ensatina moved about considerably and 
were not to be found on successive nights in the same retreat. 

The most interesting cases of homing have been recorded among 
frogs of a species that was comparatively slow in learning a 
laboratory maze. Breder, Breder, and Redmond (1927) found 
by carefully labeling individual Pond Frogs, Rana darnitans, that 
two out of three caught in a spring and released several hundred 
feet away on the other side of a stream returned to their home 
spring, even though they had to cross the water where other Pond 
Frogs resided. Moreover, an individual captured in the stream 
and released in the spring returned to its home stream. Another 
individual transferred from one pool near a stream to another 
pool on the same side of the stream returned to its home pool, 
even though other pools intervened and Pond Frogs were living in 
both pools and stream. Further, there were no obvious differ- 
ences in the character of the selected habitats. Hence, Pond 
Frogs even out of the breeding season may have favorite terri- 
tories to which they return. This is the more surprising in that 
the species was found to be capable of a considerable random 
wandering in the same locality. 

Yerkes (1903) experimented with this same species of frog in a 
maze which was arranged with the walls of one alley red and the 
other white. After the maze had been learned, the color was 
reversed. This change confused the frogs and they selected the 
blind alley instead of the outlet, although their previous records 
had been perfect. This shows that sight as well as kinaesthetic 
stimulations entered into the learning process. Yerkes further 
showed that Rana, clatn'itans could remember a maze very well. 
After a 30-day interval, there were 40 per cent of the mistakes at 
the exit and only 20 per cent at the entrance. This was probably 
explicable by the fact that the colors acted as aids at the entrance, 
whereas at the exit there were no such important associational 
clues. On the day after this series of trials, the record was 
perfect. These data when combined with the field observations 
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reported above permit us to conclude that frogs are familiar with 
details in their local habitats and that if they stray from this home 
they may find their way back even after long periods of time by 
making use of land marks to a large extent. 

Voice. — The Amphibia were apparently the first vertebrates 
to develop a voice. At least, some Carboniferous forms were 
provided with a well-developed otic notch across which a tym- 
panum was probably stretched. It is possible that the Rachi- 
tomi used their ears only in detecting danger, but in the modern 
frogs and toads with large tympana the voice is already well 
established and used for a variety of purposes. 

The chief function of the voice of frogs and toads is to attract 
mates. Only the males are usually provided with a loud voice, 
the females being either mute or only able to make cries lower 
than those of the male. From detailed observations on tree frogs 
it has been determined that the males select the breeding spot and 
attract the females until they actually come in contact with the 
body of the male singers. The males of other species, such as 
Bufo and Scaphiopus, usually do not wait until the females 
approach so closely but break off their singing abruptly and make 
an effort to grasp any approaching individuals of either sex. In 
the case of the American Toad it has been shown that the voice 
of the male has a strong influence of attraction on the female 
(Wellman, 1917), On the other hand, the South African Bufo 
rosei is reported to lack a voice. How the males of this species 
find their mates is not known. 

Frogs and toads may be directed to ponds because of their 
special sensitivity toward marsh odors or gradients of humidity 
during the breeding season, but once they have arrived on the 
breeding grounds the voice of the male would seem to play an 
important role in restricting the range of the colony. Gold- 
smith (1926) placed a series of Scaphiopus hammondii in an open 
container and gradually approached a chorus of the same species. 
At a distance of a mile the toads remained quiet, but when within 
600 yards of the pool they became markedly active. At this 
distance the chorus was very audible. There is no evidence that 
toads hear better than man, and yet, since many species travel 
long distances to the breeding pools, factors other than voice 

must be of significance in these migrations. 

Species which breed in temporary pools, such a the Spring 
Peeper, Hyla crucifeVy or the Spade-foot Toad, Scaphiopus hol~ 
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brookiiy often have louder voices than forms which spend their 
lives near permanent bodies of water. Small species usually 
have shriller voices than large species. Each species has its own 
characteristic voice, and one of the surest ways of distinguishing 
closely related species is to discriminate first between their voices 
at night and then run them down separately with the aid of a 
hand lamp. Often the voice of a grog or toad will give a clue 
as to the relationships of a species. The southern toad, Bufo 
terrestrisj has nearly the same cry as the northern Bufo ameri- 
canus, but the pitch is higher. Similarly, the southern Hana 
sphenocephala has a higher pitched and more rapid call than the 
northern Rana pipienSj although the syllables in the two cries 
are very much alike. The two Cricket Frogs have a marked 
similarity in voice. Acns gryllus crepitanSj however, chirps 
slowly two, three, or four times, and never are the S3dlables given 
in the quick succession or the continuous rhythmic clicking which 
characterizes the more northern Acris g. gryllus. The Swamp 
Tree Frogs, Pseudacris, have recently been referred to Hyla, and 
the voice of the species confirms this arrangement. Nigrita 
has a voice almost exactly like triseriaia^ but the former barely 
begins the crescendo of notes so characteristic of the latter. In 
striking contrast, oculariSy which is structurally more Hyla-like 
than the other species and climbs bushes in Hyla fashion, cries 
in a shrill voice, “Pcvteet.” Ocularis is apparently the smallest 
frog in the United States and the cry “Petit” seems highly 
appropriate. Of especial interest is the first syllable, which 
has very much the quality of the familiar peep of Ilijla crucifer. 
Voice has also been used as evidence of relationship in some exotic 
frogs, perhaps most recently by Blanchard (1929), in discussing 
the relationships of certain species of Crinia in Tasmania. Where 
related species are about the same size, the voices may be nearly 
similar. Where size has changed frequently in evolution, it 
would be dangerous to use voice characters as a clue to relation- 
ships. In the chapter dealing with life histories, the hylas of 
Santo Domingo have been considered a closely related group of 
species, but they differ greatly in size and their voices have very 
little resemblance. 

When a frog calls, the mouth and nostrils are kept tightly closed 
and the air is driven back and forth between lungs and mouth. 
Usually one or two slits are present on the floor of the mouth, and 
the air escaping through them is caught in a pocket of the sub- 
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hyoid or adjacent muscles which it dilates into one or more bal- 
loon-like resonating organs. The sacs are diverticula of the 
mouth-cavity lining covered by more or less thinned sheets of 
muscle and skin. When the skin is so modified that it balloons 
out into a large translucent sac under the chin or into a pair of 
such sacs one on either side of the throat, the sacs are said to be 
“external.” But if the skin of the throat is not thinned, the 
whole throat merely assuming a swollen appearance when the 
frog calls, the sacs are said to be “internal.” Closely related 
species of a single genus, such as Hyla, may have different types 
of vocal sacs, or again one distinctive type may be found in many 
species of a genus, for example in the African Hyperolius. It is 
remarkable that precisely the same type of vocal sac has evolved 
independently in some of the Ranidae, Hylidae, and Bufonidae. 

Bullfrogs and other species having internal sacs frequently call 
under water. The voice of those species which have the external 
type is modified if the sacs upon inflating meet some obstruction. 
The Gray Tree Toad, Hyla versicolor , has two different calls; one 
a melodious trill given with fully inflated pouch and the other a 
feeble bleat, not unlike the cry of a young turkey, made when the 
pouch is only half inflated. The western Hyla regilla and 
apparently a few other tree frogs have more than one sex call, 
but the males of the vast majority of Salientia have only a single 
cry in each species. These cries range from the melodious drone 
of the American Toad to the metallic clang of the Marsupial 
Frog, Gastrotheca moniicola; and from the clattering hammer of 
the Carpenter Frog, Rana virgatipeSj to the birdlike notes of 
Hyla phaeocrypta. A few West Indian tree frogs (Eleuthero- 


dactylus) may prove to have no voice at all, for they have never 
been heard to sing, although extensively collected. Recent field 


and laboratory observation indicates that Ascaphus is voiceless 
even at the height of the breeding season. The frog lives in 
rapidly flowing mountain streams, where the males would have 


difficulty in making themselves heard. 

Significance of Voice. — Besides the breeding call of the males, 
most Salientia are able to produce a few guttural croaks or chirps. 
As pointed out below, these sounds are of great importance to 
frogs and toads in the recognition of sex. The females of several 
European Salientia and one of our western toads, Scaphiopus 
hammondiif have been credited with low voices (Storer, 1925). 
Dahne (1914) described the voice of the female Midwife Toad, 
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Alyies dbsteiricanSy as louder than that of the male. Lankes 
(1928) has recorded a voice in the female Hyla caerulea^ feebler 
but of higher tone than the males. It would seem that a distinc- 
tive voice might aid in the recognition of sex, although no observa- 
tions have confirmed this opinion. 

Frogs and toads when escaping from their enemies will often 
croak or chirp. The croak which usually accompanies the splash 
of a frog into the water is, of course, well known. Many Salientia 
when pinched or startled give vent to a very different cry. It 
may be a scream, as in many ranas; a loud clatter, as in Scaphi- 
opus holbrookii; or a shrill squeal, as in Eleuiherodaciyius inoptatus. 
In all cases the mouth is held widely open, and the lungs are 
only partly deflated at each note. Dickerson (1906) records that 
both sexes of Hyla arenicolor may give such cries, and Lankes 
(1928) reports the male Ilyla caerulea giving it without provoca- 
tion. The cry is often given when a frog is seized by a snake, and 
while it may fail to frighten off the serpent, it may at least warn 
other frogs in the neighborhood. 

It is, perhaps, dangerous to speak of the emotions of so passive 
a creature as a frog. But it should be noted that the reactions of 
an individual toward the sex cry and the pain cry arc totally 
different. Voice in the frogs and toads has advanced beyond 
its probable original use as a means of attracting mates together. 
Many Salientia, such as the proverbial tree toad, will call loudly 
when the humidity is suddenly raised. Some pond frogs call 
after the breeding season has passed. These cries, like the sum- 
mer songs of birds, may not be an expression of sex desire, but 
with the limited repertoire at a frog's disposal they may be 
precisely like the sex call. In the fall, with the ripening of the 
gonads, some northern and many southern frogs begin to call 
persistently. There are several records of species, which nor- 
mally breed in the spring, having laid in the fall. Hence the 
summer cries of frogs may be in their final analysis merely a 
premature awakening of the sex instincts. There must be, 
nevertheless, various grades of desire. Krefft (1911) reports a 
female N ectophrynoides tornieri quietly listening to the song of a 
male, and on several occasions I have found female Cricket Frogs, 
Acris gryllus, sitting in a circle with heads directed toward a 
calling male. 

In urodeles the voice plays no part in the breeding process, and 
most species seem to be silent throughout life. The newts 
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sometimes give a faint squeak when coming up to the surface for 
air or when roughly handled in the water. The lungless Aneides 
lugiihris is known to be able to make a squeaking noise. Geyer 
(1927) has recorded several instances of salamanders, both 
lunged and lungless species, giving sounds. The larger sala- 
manders, Siren and Amphiuma, have been credited with whistling 
sounds, and the giant Megalobatrachus with a shrill cry. In all 
these cases the sound is probably accidental and associated with 
the sudden emptying of the lungs or buccal cavity. At least it is 
not known to have any significant effect on the behavior of the 
creature’s associates. 

Recognition of Sex. — It is frequently difficult for the collector 
to distinguish the sexes of Amphibia in the field. How do the 
breeding males distinguish the females from their own sex? 
Females come to the breeding grounds attracted in part by the 
call of the male. In the case of tree toads stated above, the 
female may even follow the voice until she strikes the male's 
body. Most male frogs and toads seize any object of about their 
own size moving near them; a tree toad, when touched by the 
female, turns and embraces her. Nevertheless, no male frog 
recognizes the female as a sexual object. If the object embraced 
possesses certain qualities it is retained until the time of egg laying. 
The first requirement in the Wood Frog, Rana sylvaiicay is a wide 
girth and resistance to compression. Male Wood Frogs injected 
with water until they had the same firmness as a female with 
eggs were seized and retained as long as females (Noble and 
Farris, 1929). A second requirement in the Wood ITog, and 
especially in the common toad, is silence. The male frog, when 
embraced by another, croaks; the female remains silent. This 
differential action has been claimed to be the sole basis of sex 
recognition, since males were supposed to disdain an embraced 
partner which croaked. Male toads do not croak but chirp 
when seized. A colony of breeding toads make a continuous 
chirping sound, reminding one of a flock of young chicks in great 
distress. There can be little doubt but that the -warning croak 
or chirp is one of the factors in sex recognition in some frogs and 
toads, although Hinsche (1926) failed to find evidence of it in 
the European toad, Bufo vulgaris. There are, however, other 
factors which are equally important. Certain European Salien- 
tia are said to interchange calls during the breeding season. The 
subject is in need of further investigation, especially as the females 
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of all American species have been found to be silent on the breed- 
ing grounds, although some at least are capable of emitting loud 
croaks at other times (Koppanyi and Pearcy, 1924). 

The factors permitting sex recognition in frogs and toads would 
seem to vary with the species, but in all cases there would seem to 
be more than one. In addition to body size and silence there is 
clearly an agitation factor in some forms. Hinsche obtained 
evidence that it was the vibration of the flanks of the female 
Bufo vulgaris and the jolting movements of her locomotion which 
were chiefly responsible for the male retaining his grip. The 
skin of the female B. vulgaris is rougher than that of the male, 
and Hinsche found that smooth, hard objects induce failure of 
the clasping reflex. Males would also not be held by the males, 
because during the breeding season they change their gait 
to a hop which makes that sex difficult to catch. There are 
thus various factors both before and after the embrace which 
insure that females will be seized instead of males and that they 
will be held until the time of fertilization. In Rana esculentaj 
Lullies (I92G) found that the normal breathing movements of the 
female during respiration stimulated the clasping reflex. At the 
height of the season the reflex may be easily evoked in most 
Salientia but the grip is retained only when other adequate 
stimuli are present. In species which breed in colonies, the sex 
calls of the males induce other males to call and the general chorus 
and activity of the colony stimulates all participants. This in 
turn seems to increase the speed and strength of the clasping reflex 
but in the Wood Frog, at least, it does not produce a continuance 
of the embrace unless the size and resistance requirements are 
met. Male Wood Frogs release females after egg laying for the 
same reason that they reject males at the beginning of the period, 
namely, the body seized does not have sufficient girth or firmness. 

The clasping reflex is, therefore, a means to sex recognition in 
frogs. The spontaneity of this reflex rises and falls with the 
season. During the breeding period a slight touch on the chest of 
the male frog induces a vigorous clutching movement but out of 
the season, no response. Busquet (1910) has shown that the 
reflex may be evoked at other times of the year by cutting below 
the medulla. The higher centers and, according to Busquet, the 
cerebellum in particular exert an inhibitory influence on the 
clasping reflex which prevents its functioning. During the breed- 
ing season the testicular horjnone counteracts this inhibitory 



412 


THE BIOLOGY OF THE AMPHIBIA 


influence of the higher centers, permitting the clasping reflex 
to come again into evidence. Hinsche has found evidence that 
in some cases during the feeding activity of toads the embrace 
reaction may be released, even though the toads were not at the 
height of the breeding season. The mechanism by which the 
higher centers were shunted off in this case is not known. It was 
shown long ago that frogs raised in the dark have a greater reflex 
excitability than those raised in the light (Langendorff, 1877) and 
apparently because, as in the case of the clasping reflex, a domi- 
nating higher center, vision, was prevented from functioning. 

In urodeles the method of sex recognition seems to approach 
that of mammals, for in the newt and all plethodontids secretions 
are released from distinctive skin glands which play an important 
role in courtship. In brightly colored European newts it would 
seem that the difference of color between the sexes might have 
some significance. In birds sight and sound alone apparently 
suffice in discriminating male from female, but here the actions 
of the two sexes are often very unlike. Various salamanders 
^'ngage in courtship antics, and their differential behavior finally 
leads to breeding. In some fishes and Crustacea it is the different 
behavior of the sexes when two breeding individuals chance to 
meet which results in reactions leading to a fertilization of the 
eggs (Holmes, 1916). In Amphibia the matter of meeting is not 
left so much to chance. Frogs, with a few possible exceptions, 
are endowed with voices with which they make their whereabouts 
known, while salamanders frequently exhibit courtship displays 
which tend to hold the sexes together. The salamanders, as 
discussed in the previous chapter, have devised several ways of 
making sure that the female will be present and in the proper 
position for picking up the spermatophore when it is produced. 
The olfactory sense seems to play the most important part in sex 
discrimination in salamanders (Chap. XVI). Jordan (1893) 
found that newts, however, would emit spermatophores when 
only males were present. There are several factors involved in 
the courtship display of newts and other salamanders. 

Parental Instinct. — Few other instincts have contributed as 
much to the success of higher vertebrates as that of parental 
care. This first manifested itself among vertebrates in a brooding 
instinct or tendency for one or more parents to remain with the 
eggs. The instinct appears in a very complex form among 
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various' invertebrates and fish; among Amphibia it seems to have 
independently developed several times. 

In the hynobiid salamanders the males remain with the eggs 
for varying periods to fertili^ them. They exhibit an active 
interest in the eggs and drive the females away in their struggle 
to gain possession of the eggs. As stated ^bove, the crypt o- 
branchids which have evolved from hynobiids extend this guard- 
ing until the eggsjiatch. Both sexes devour the eggs, but as 
the guarding male can eat only a small proportion of them, 
this habit has not interfered w'ith the success of the species. Most 
Amphibia which lay their eggs in the w^ater abandon them after 
fertilization, but among those which deposit large-yolked eggs, 
the female frequently remains with them. Whitman (1899) 
conceived that the chief utility of this brooding instinct w'as 
originally the rest it gave to the parent following oviposit ion. 
The protection afforded w'ould be quite sufficient to insure the 
development of the instinct, neural selection favoring those 
individuals which keep their position long enough for the eggs to 
hatch. 

The brooding habit is well established in the primitive pletho- 
dontids. Since many of these forms, such as Gyrinophilus 
danielsi, lay their eggs under stones in streams, the protective 
value of the instinct is not very great. The habit, however, 
was carried over to the specialized terrestrial plethodontids w^here 
this aspect becomes of the greatest importance. The damp body 
of the parent assures the eggs sufficient moisture, and her dermal 
secretions apparently prevent mold from growing over them; 
at least eggs of some species removed from the parent are usually 
destroyed by mold. The habit has permitted some forms such 

Ajreides — lugubris to lay their eggs in comparatively dry 
situations. 

The bond between parent and eggs is so strong that some terres- 
trial plethodontids will move their eggs with them w'hen dis- 
turbed, and most return to the egg mass after being frightened 
away (Fig. 136). This return of the mother to her charge has 
been witnessed also in the large Amphiuma which, although 
primarily an aquatic form, lays its eggs under logs on land. The 
nature of the sensory impressions directing the parent, whether 
olfactory, optic, or something more subtle, is entirely unknown. 
Wilder found that a female Desmognathus fuscus will brood the 
eggs of another female if these are suitably arranged. Hence a 
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female salamander apparently does not recognize its own eggs. 
The bond between parent and eggs may be considered an instinct 
and as such to have arisen in the same way as other instincts 
(Chap. XVI). 

The brooding instinct seems to have arisen fully formed in 
many groups. Thus, most species of Ambystoma abandon their 
eggs in the water, but A. o'pacum deposits its eggs on land in the 
fall and curls around them. Although the terrestrial eggs of 
Desmognathus and other salamanders are sometimes found with- 
out parents, it seems probable that the parents may have been 
destroyed, rather than have failed to exhibit the brooding instinct. 
It has been shown that A. opacuniy however, does not return to 
its eggs when disturbed. Hence, the bond between parents and 
eggs is not great in this species, and the brooding habit may have 



Fiq. 136. — Female Desmognathus fuscus brooding her eggs. 


resulted merely from exhaustion of the female after egg laying. 
The brooding of Necturus may have even less biological signifi- 
cance. Bishop (1927) found that females occupy the “nest” 
after the young have departed. Since some adults use these 
nests as retreats throughout the year, the brooding of Necturus 
may be merely the result of the disincUnation of the adult to 
leave a favorite retreat. 

In higher vertebrates an extension of the brooding instinct leads 
to care of the young. Among salamanders only some terrestrial 
plethodontids, Aneides (Storer, 1925), Hemidactylium (Blan- 
chard, 1923), and possibly Plethodon remain with the young after 
they hatch. In these cases probably little or no protection is 
given to the young, unless it be that the moist body of the parent 
prevents their desiccation. Among frogs the habit of brooding 
the eggs has led to various modifications of the female's body. 
Protopipa and Pipa carry the eggs in individual sacs on the back 
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until the young hatch fully formed. The Marsupial Frogs, 
Gastrotheca, employ a single sac, and the young may escape as 
tadpoles or as metamorphosed frogs. In the case of Gastrotheca, 
the origin of the sac may be traced to shallow folds border- 
ing the egg mass carried on the back of the female Cryptobatra- 
chus. Once the brooding habit was established in this group of 
South American tree frogs, it led to marked structural changes in 
the parent. Less marked changes of the integument have been 
noted in other brooding frogs, but in no case have emotional 
bonds been established which make possible the protection of the 
young after hatching. 

The males of various species of frogs have been found guarding 
the eggs. This habit may not be a true brooding instinct but 
merely the tendency of the males to remain near their calling 
stations. In some forms, however, such as the Australian foam 
nesT builder, Adelotus brevis, there seems to be a real attraction 
of the male parent (Deckert, 1929) toward the eggs. This habit 
seems to have led in the neotropical Phyllobates and Dendrobates 
to the male’s transporting the tadpoles apparently from the place 
of egg laying to the pools (Noble, 1927). It also may have led 
to the remarkable habit of the male Rhinoderrna of carrying its 
eggs in the vocal pouch until the young are fully formed. 

Feeding Habits. — Frogs and toads cat animal food when adult 
and either animal food or plant food when larvae. The bulk of 
the food consists of insects, spiders, millipeds, snails, worms, and 
similar small fry. It was found in the laboratory that toads 
could learn after a single experience to avoid an obnoxious insect, 
and Haber (1926) has observed a toad attempting to disgorge a 
stinkbug (pentatomid), which it had seized. Insects giving off 
acrid or irritating substances were found by Haber to form but a 
small portion of the diet of Ilyla cinerea. Nevertheless, it has 
frequently been noted that neither frogs nor toads have marked 
food preferences. Goldsmith (1925) found that the Spade-foot 
Toad, Scaphiopus hammondii, devoured all types of surface 
insects, ants of the genus Atta being the predominant form. The 
diet varies more or less with the habitat of the species; frogs 
naturally capture more aquatic forms than toads do. Detailed 
studies have been made of the diet of frogs (Surface, 1913; Drake, 
1914; Munz, 1920), tree frogs (Storer, 1925; Haber, 1926), and 
particularly the common toads (Kirkland, 1897, 1904; Hodge, 
1898; Garman, 1901; Kellogg, 1922), while some observations are 
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available on species of other genera and families (Noble, 1924). 
Ants and termites, which are eaten by most Salientia, rise to a 
high percentage in certain slow-moving, burrowing types, while 
they almost disappear from the diet of aquatic forms. Many 
large and a few medium-sized frogs have been found to be canni- 
balistic. This is particularly true of the larger species of Cera- 
tophrys of South America and the brilliant Rana ornatissima of 
Africa, but observations are not sufficiently numerous to deter- 
mine what percentage of their yearly diet consists of their fellow 
frogs. 

It is interesting that the tadpole of Ceraiophrys ornata should 
be largely cannibalistic, feeding on the larvae of other frogs. 
Tadpoles in general show greater food preferences than adult 
frogs, for some are exclusively vegetarian, others carnivorous, 
while the majority take a mixed diet. The common water silk, 
Spirogyra, forms one of the best foods for most tadpoles reared in 
the laboratory. This diet may be varied with strips of water- 
soaked beef which foul the water less quickly than pieces of 
earthworm. 

Terrestrial Salientia, and especially toads, although indis- 
criminate feeders, are of economic value, for they devour the 
dominant insects or other invertebrates of any one locality; and 
around greenhouses, gardens, or farms such dominant forms are 
usually pests. Kirkland (1897) found that enough food was 
taken by the common toad to fill the stomach completely four 
times in 24 hours. Pack (1922) records a case where the toad was 
of real value in fighting an outbreak of sugar-beet webworms. 

If toads could be transported in great numbers across the coun- 
try, they might be of service in counteracting plagues. 

Urodeles apparently restrict themselves to an animal diet 
during both larval and adult life. They show a greater tendency 
to take quiescent food than most frogs. Thus Necturus has been 
reported to devour great numbers of fish eggs and Cryptobran- 
chus, Pleurodeles, Salamandrina, Ensatina, and Aneides have on 
occasions eaten their own eggs. Storer (1925) is inclined to 
believe that fungus found in the stomach of the latter form was 
eaten intentionally. Similarly, algae taken from the stomach 
of Siren has been described as present in too great a quantity 
to have been devoured accidentally with the animal food known 
to form a large part of their diet (Dunn, 1924). Size may have 
an important influence on diet. The small Salamandrina does 
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not feed well on Enchytraei, apparently because the small tongue 
is fitted only for the capture of dry food such as insects (Klingel- 
hoffer, 1930). As in the case of frogs, the larger species are fre- 
quently cannibalistic. Dicamptodon, Ambystoma, Gyrinophilus, 
and Aneides have been reported to eat smaller species of sala- 
manders. In the laboratory the large Desmognathus quadra- 
maculatus may be kept in good health on a diet consisting of 
smaller species of Desmognathus exclusively. No species of 
urodele is known to restrict its diet to a particular kind of animal 
food. 

The different manner of capturing prey would account for 
such differences as exist between the diet of adult frogs and 
urodeles. Hargitt (1912) found that tree frogs usually leap 
to take their prey, rarely stalking it. They usually wait for the 
prey to come within leaping distance, which may be a matter of 
several feet, and when they spring they rarely miss. If the prey 
should come within close range, it is apparently not seen. In 
striking contrast the response of newts to a moving object is a 
stealthy approach. The object is then nosed and if found satis- 
factory the snapping reflexes are evoked (Copeland 1913). 
Newts will snap at movable inedible objects and also at invisible 
edible substances such as fine suspensions of beef juice. Some 
newts will feed after their optic and olfactory nerves are cut and 
when the lateral-line organs alone are apparently functioning as 
distance perceptors (Matthes, 1924) Hence, while the normal 
order of events in the feeding process is optic stimulations induc- 
ing the approach reaction, followed by olfactory stimulations 
evoking the nosing and finally the snapping reactions, the last 

reaction may be called forth by sight, smell, or lateral-line 
stimulation alone. 

Smell has also been found to function without vision in the case 
of Ambystoma larvae (Nicholas, 1922). Smell would seem to be 
of great importance to Amphiuma, for Hargitt (1892) found that 
clams form a large part of its diet. Whether aquatic Salientia 
depend more on smell than terrestrial ones do is not known, but 
the evidence suggests that vision may be used to the exclusion of 
smell in some land forms. Such species would not be able to 

it is a moving object in the 

held of vision which excites motor reactions in most Amphibia. 

The evolution of the higher groups of vertebrates seems closely 
correlated with changes in food habits. There is little evidence 
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of such correlation in Amphibia. Gyrinophilus, perhaps the 
most cannibalistic plethodontid, does not have proportionately 
longer teeth than many small species of the same family. The 
marked changes of dentition within such genera as Desmognathus 
is not known to have any correlated changes in diet. Morpholog- 
ical change may have induced a few restrictions of diet. The 
large toads of Africa feed rarely if ever on mammals, whether 
or not this is due to their toothless jaws (Noble, 1924). The 
narrowing of the mouth in the Pipidae may have brought certain 
adaptive changes especially in the fingers which became impor- 
tant aids in feeding. No other Amphibia stuff their food into 
the mouth with their fingers nor even habitually hold the food 
with their forelimbs while devouring it. But the tongueless 
Xenopus is very adept in seizing its prey with its long fingers 
and forcing it into its comparatively small mouth. In Pipa a 
rosette of papillae tip the ends of each finger and are provided 
with tactile organs which apparently aid in locating living food. 

Long teeth when they occur in the Amphibia are frequently 
used to good effect. Powerful jaws have no doubt been of 
assistance to the tadpole of Ceratophrys ornata in devouring other 
tadpoles. The adult of this species has enlarged dagger teeth 
in the upper jaw which are said to serve as effective weapons. 
Dr. W, M. Mann found that the Solomon Island Ceratobatra- 
chus, which unlike most frogs has teeth in both jaws, exhibited 
bulldog tenacity in holding to a seized object. 

Responses to Temperature Change. — A lowering of tempera- 
ture below 8°C. was found to induce laboratory frogs to seek a 
retreat under objects in the bottom of the tank (Torelle, 1903). 
As pointed out by Holmes (1927), this may not be so much a 
reversal of the phototropism as a release of instincts to dive down 
and crawl under objects. The normal stereotropic response of 


toads is more pronounced at low than at high temperatures 
(Riley, 1913). Toads burrow into the ground on the approach 
of cold weather and while digging with their hind feet 


presumably keep their original orientation as regards light. 
Toads may burrow to a depth of 18 inches in sandy soil and 8 
inches in clay ground (Butler, 1885). Frogs hibernate in mud 
in the bottom of ponds, in springs, or in damp spots in the woods. 
Some merely dig under decaying vegetation or other debris in 
their normal habitats. A single species may hibernate in differ- 
ent situations in different parts of its range. McAtee found that 
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Eurycea bislineata in Indiana will come out of the water in 
November and pass the winter under logs and stones near 
streams. In the New York region the same species is never 
found on land in midwinter but may be collected in numbers by 
turning over the stones in the deeper portions of flowing streams. 

Brooks (1918) found that betw'een the temperatures of 5 and 
20°C. the warmer the water the greater the time Rana pipiens 
spent at the surface. No doubt other frogs would be affected 
the same way, although each species w'ould have its own range of 
response. Cole (1922) found that the higher the temperature 
the shorter the reaction time to light. Lutz (1918) showed that 
warming lowers the thresholds for both reflex and nerve-muscle 
responses in the frog. Between 4 and 30°C. the reflex threshold 
is lowered to a much greater degree than the nerve-muscle thres- 
hold. Hence temperature w'ould seem to act directly on the 
synapse between the neurons in the reflex arcs. At low tem- 
perature the normal reflexes to environmental stimulations are 
unable to appear. It may be noted also that the integumental 
sense organs of the frog require a higher temperature to induce a 
response if the temperature increase is gradual than they do if it is 
sudden (Morgan, 1922), and, hence, sudden changes in tempera- 
ture would have a more marked effect on frogs in nature than 
gradual ones. 

Wright (1914) finds that most species hibernating on land are 
responsive to climatic changes earlier than those hibernating in 
the water. The rule does not always hold, however, for hiber- 
nating //. crucifer^ an early breeder, has been found in springs 
in midwinter, while H, versicolor^ a late breeder, digs down in the 
d4bris in the bottom of the holes in the trees where it spends the 
late summer. Brook salamanders such as Desmognaihus fuscus 
hibernate under rocks in running water, and here it cannot be 
merely a negative phototropism which brings them there. Pond 
species, such as the newt, usually remain in the ponds during the 
winter, although from the observations of Wolterstorff (1922) cold 
must slow down their activity greatly. Szymanski (1914) 
recorded on a kymograph the movements of Salamandra during 
hibernation. From November to January there was no move- 
ment of the body, although a slight change occurred in the posi- 
tion of the limbs. Tiger salamanders have been described as 
passing the winter in the bottom of the pools (Shelford, 1913). 
Other species of Ambystoma, such as A. maculaturrif undoubtedly 
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hibernate on land. In spite of the different temperatures of these 

situations the two forms breed almost simultaneously in the East, 

the water-hibernating species a little before the land-wintering 
form. 

Since egg laying is controlled by the secretions of the anterior 
pituitary gland, the functioning of the latter is apparently 
influenced by temperature. Barth^l^my (1926) records Rana 
fuscaj however, exhibiting an increase in weight, evidence 
of sexual activity, in the spring even when low temperatures were 
maintained. Hence, hormone control is partly free from temper- 
ature control. 

The utility of hibernation is obvious. Levy (1900) found that 
frogs could live under water at temperatures of from 0 to 9°C. 
without injury for long periods, while they would surely die if 
they attempted to winter in their usual habitats. Some Euro- 
pean frogs have been credited with surviving temperatures of 
— 4 to — 6°C. (Muller-Erzbach, 1891). Rana pipiens dies at 
temperatures a little lower than a degree below freezing. Cam- 
eron (1914) found that death was due to a specific temperature 
effect on the coordinating centers of the central nervous system. 
The heart tissue survives at temperatures nearly 3° below freezing 
and the body-muscle tissue at practically the same (Cameron 
and Brownlee, 1913). Frogs and salamanders frozen in blocks 
of ice frequently survive for short periods. In the case of 
Amphibia hibernating on land, the dryness of the winter air would 
have a detrimental influence perhaps equal to that of the cold 
(Hecht, 1928). 

Frogs frequently mate in the spring directly after coming from 
hibernation. Barth^l^my (1926) found that hibernation was 
necessary for the maturation of the eggs of Ranafusca. Hiberna- 
tion was found not to be essential, however, for the health of 
various Californian toads, frogs, and tree frogs. Rana aurora 
draytoniij for example, hibernates in some California localities but 
not in others. Frogs in the laboratory do not hibernate unless the 
temperature is lowered. 

Temperature Preferences.- — Amphibia frequently change their 
habitat at the time of hibernating. Abbott (1882) describes the 
Cricket Frog, Acris gryllus, as leaving the ponds and migrating 
to rocky ravines in the fall where it hibernates under stones and 
logs out of water. Terrestrial salamanders, such as Desmognaihus 
fuscus carolinensis, hibernate under rocks in mountain streams. 
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Where many salamanders have been found together in 
hibernating dens, as, for example, in the case of Salamandra 
salamandra, there must have been some movement in the fall if 
only to look for suitable hibernating quarters. Such movements 
never take on the appearance of the spring migration, but they 
have various parallels in the fall migration of some birds and 
mammals. 

The various species of Amphibia have certain temperature 
optima at which they live best. This may be only a few degrees 
above freezing in the case of Ascaphus, which lives at high alti- 
tudes in northwestern United States. Frog tadpoles frequently 
seek the warmer margins of pools whether they be attracted 
there by the greater light or by the higher temperature. Brues 
(1927) found the tadpoles of various frogs in the hot spring 
waters, ranging from 104 to 106°F. Most Amphibia cannot stand 
high temperatures for any period, the optimum for both Rana 
pipiens and Necturus lying near 18°C. (Sayle, 1916; Cameron, 
1921). The greater temperature tolerance of Eurycea mulii- 
plicata over that of Typhlotriton is apparently the chief factor 
permitting the former to wander in and out of caves. Reese 
(1906) found that Necturus was affected more than Crypto- 
branchus by extremely high temperatures, however, and yet the 
former lives in a greater variety of habitats. Hence, in one 
species, temperature may have an important control over dis- 
tribution and in another, other factors may be more important. 
It may be said that attempts to determine the ability of Amphibia 
to discriminate between temperatures have not been successful. 
Pearse (1909) found that toads in the dark were indifferent to a 

steam pipe and salamanders in the laboratory usually react 
poorly to gradients of temperature. 


Responses to Humidity Change.— Amphibia with their thin, 
moist skins are very sensitive to changes in humidity, and their 
habitat selection as well as their daily movements may be con- 
trolled to a large extent by their reaction to this change. Gold- 
smith (1926) found that digging reactions were induced in the 
Spade-foot Toad, Scaphiopus hammondii, by evaporation, and 
this species was sensitive to a humidity change of 10 per cent at a 
temperature of 27°C. Shelford (1914) studied the effects of 
evaporation on both frogs and salamanders. Responses occurred 
whether the evaporation was due to the dryness, warmth, or 
movements of the air. Pleihodon glutinosus was clearly more 
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sensitive than the much smaller Plethodon dnereus. This is 
surprising, for the surface per unit of weight is greater in small 
objects. The observation is of especial interest, for it gives an 
explanation as to why the former species lives in damper situations 
than the latter. Both salamanders and frogs were stimulated at 
once by dry air and endeavored to avoid it. Toads survived 
the treatment longer than frogs, a fact which would be expected 
because of their thicker skins. Shelford suggests that the 
responses of Amphibia to humidity change may be due to a 
disturbance in the neutrality of the body fluids due to the 
changing rates of evaporation. Probably the drying of the skin 
would also have a direct effect on the integumental sense organs. 
Rapid drying is far more serious to the health of Amphibia than 
slow drying. Frogs die after a loss of less than 15 per cent of 
their weight if the evaporation is rapid, while they may survive 
nearly twice this loss if it is slow (Kunde, 1857). Toads may 
even stand a loss of 50 per cent of their weight (Langlois and 
Pellegrin, 1902), a great increase in the density of their blood 
occurring during the experiment. 

Most Amphibia wander at night when the humidity is greater 
than during the day. The migrations and breeding of many 
frogs and salamanders are initiated by the rains, although the 
temperature factor may also be important as well. Many small 
tree frogs have the same climbing mechanisms of large species 
but they rarely ascend tall trees, apparently because of the 
high evaporation rate of such an exposed position. At times of 
draught the amphibian inhabitants of certain ponds or trees may 
come together in the damper or more favorable shelters. Var- 
ious species of desert frogs have been described as undergoing 
a true aestivation. The Sardinian cave salamander, HydromarUes 
genet, has been reported to aestivate during the summer months 
even in the laboratory where moist conditions were presumably 
maintained (Mertens, 1923). Whether or not any of these 
Amphibia really aestivate, there is no doubt that the different 
humidity requirements of the various species are one of the most 
important factors limiting their ranges and activities. 

Defense. — Amphibia have few methods of defending them- 
selves from their enemies. As a group they are relatively immo- 
bile. Their habit of maintaining a fixed posture between 
movements results in their frequently being overlooked by 
possible enemies. Their first reaction to distant disturbances is 
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an inhibition of all movement, even the respiratory movements 
of the throat. When danger approaches, they usually seek 
safety in flight, most seeking crevices and other natural shelters, 
a few, burrows which they had previously dug. Some of the 
larger species apparently defend themselves by biting. This 
is true of Gyrinophilus, Cryptobranchus, Aneides, as well as the 
usually good-natured Plethodon glutinosus and Desmognathus 
fuscus. Diller (1907) found an 8-inch Ambystoina with a grip on 
a 2-foot garter snake, and it was apparent that the salamander 
was having the better of the struggle. The large South American 
frog, Ceratophrys dorsata^ can inflict a serious bite and does not 
hesitate to use its teeth when annoyed. In this species, as in 
various forms of Rana, the mento-Meckelian bones originally 
used for closing the nostrils are hypertrophied into a formidable 
spike. Brook salamanders, such as Desmognathus and Eurycea, 
are able to twist strenuously in the hand when seized, and Amphi- 
uina is notorious for its ability both to bite and to twist at the 
same time. 

Frogs in the act of leaping often release the contents of their 
urinary bladders, thus lightening their bodies and screening their 
path of retreat. Amphibia receive their chief protection from 
their skin glands, the mucus making them slippery and difficult 
to hold, while the poison or granular glands have frequently a 
serious effect on such tissues as the lining of a dog’s mouth. 
Some burrowing Salientia, especially certain Spade-foot Toads, 
develop secondary deposits of bone in the skin of the head. 
In a few genera (Ceratophrys, Alelgalophrys, and Brachycephalus) 
of unrelated families, this deposition of bone may extend to 
the skin of the back. A number of tree frogs, Hyla, Gastrotheca, 
etc., develop a similar armature, and the correlation of secondary 
bone deposits and special habitats is not close. 

Certain movements of Amphibia may increase the flow of the 
skin secretions. The “warning attitude” of Bombina is accom- 
panied by such a flow. The salamander, Ensaiina eschscholtzii 
(Fig. 137), stands high on its legs when annoyed and waves its 
tail, which actively secretes (Hubbard, 1903). Frogs and toads 
have a limited repertoire of defense reactions. Most species will 
blow up their lungs, close the eyes, and bend the head in a crouch- 
ing attitude. Hinsche (1923) finds that this reaction is called 
forth in toads by either tactile or visual stimulations but not by 
sounds. It is better developed in old than young individuals. 
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Many frogs and toads when pinched will open their mouths 
and give a shrill cry. It would seem to be an important frighten- 
ing device, although critical field observations concerning its 
effectiveness are lacking. Hinsche (1923) finds that this fright- 
ening reaction may be induced in Bufo, but the toad opens its 
mouth and straightens its legs without producing a sound. 
Hinsche (1928) has shown that the head-bending and leg- 
straightening reaction is part of a complex series of defense reac- 
tions common to many Salientia. In the course of phylogeny, 
some parts of this series of reflexes, such as the warning cry, are 
lost, while other phases, such as the pushing with bowed head, 
are modified. It is interesting that the more terrestrial Salientia 
should exhibit the series of reflexes in their most developed form. 
As discussed in another chapter (page 381), many reflexes, such 
as the “unken reflex” and the scream reaction, exhibit a gradual 



Fio. 137 . — Ensaiina eschscholtzii defending itself against a Ring-necked Snake. 

{After Hubbard.) 


modification in phylogeny but the change is not always closely 
correlated with an obvious utility. 

Tonic Immobility. — Salamanders, frogs, and toads may be 
readily thrown into a state of tonic immobility which, under 
certain circumstances, may prove a protective measure. Young 
toads when picked up will frequently partially contract their 
limbs and become immobile (Mangold, 1925). This behavior 
has been compared with the hypnotic state produced in man by 
suggestion. It is commonly seen in such salamanders as 
Plethodon and Ambystoma, which when handled gently often 
exhibit a “death feint.” It may be most readily induced in 
both frogs and salamanders by placing the individual on its back 
and holding it there a moment. The death feint usually lasts 
only a few minutes, but it may be prolonged over an hour if 
disturbing sensory impressions are avoided. A sudden tactile 
or visual stimulation will arouse the frog or salamander from this 
state. 
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Mangold and Eckstein (1919) have studied the reflex excit- 
ability in certain European frogs which had been hypnotized, that 
is, thrown into this state of tonic immobility. This was tested 
by counting the number of electric shocks necessary to induce 
the springing reflex when these stimulations were of the same 
intensity and given at the rate of 21 to 24 per minute. They 
found a decided lowering of the reflex excitability in hypnotized 
frogs. The degree of lowering was dependent on the depth of 
the hypnotic state. Frogs hypnotized by being placed on their 
back were much less sensitive to stimulations than those hypno- 
tized belly down. This is correlated with the more easy induce- 
ment of hypnosis and slower awakening of frogs placed on their 
back. 

The protective value of tonic immobility in Amphibia is not 
great. In certain birds brooding their eggs in exposed situations 
and in certain insects which resemble twigs, the ability quickly 
to assume and hold a stiff posture on the approach of danger has 
great survival value. In these forms the stimulus which frightens 
the creature sets up the hypnotic state. In Amphibia hypnosis 
is produced only by sudden tactile stimulations, although a more 
extended development of this type of response might have great 
advantages. 

Leaping of Salamanders and Frogs. — One of the most sur- 
prising escape reactions of salamanders is the leaping movements 
of terrestrial plethodontids. The tail is struck sharply against 
the ground at the same moment that a spring is made with the 
short legs. 1 he combined effect is a leap frequently greater than 
the length of the animaUs body. In such a defenseless creature 
as Plethodon cinereus this leap may well be an important method 
of escape, but it may also be a means of aggression, especially 
useful in capturing food. 

The tails of many terrestrial salamanders when seized may be 
readily thrown off by their owners. The mechanism of this 
autotomy is different from that in lizards, the break occurring 
in the myoseptum and extending between the vertebrae. In 
lizards a special breakage plane is developed across each vertebra. 
Autotomy in salamanders resembles that in lizards in that the 
musculature is broken off nearer the tail base than the skin is. 
*1 he raw flesh on the freed tail induces writhing movements in 
the discarded appendage, while the extra skin on the tail base 
curls over the wound and facilitates healing. In a few terrestrial 
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plethodontids such as Hemidactylium and Ensatina a double or 
single groove occurs around the tail base and the split occurs 
here instead of anywhere along the tail as in Plethodon. 

One mechanism of escape which has a strong appeal to the 
imagination is found in the much discussed “Flying Frog” of 
Borneo and adjacent regions. Wallace, in his “Malay Archi- 
pelago,” tells of the tree frog, Polypedates nigropalmatuSj which 
has large webs between all its digits, being brought to him by a 
Chinese workman who claimed he had seen it engaged in a slanting 
flight from a high tree. Recently Ayyangcr (1915) has recorded 
a slanting flight of 30 or 40 feet in the related Polypedates 
malabaricus, Cott (1926) watched tree frogs of a different 
family in Brazil and saw Hyla venulosa voluntarily leap off into 
space at a height of 40 feet from the ground. In a series of 
experiments Cott concluded that this species could fall 140 
feet or more without injury. No doubt smaller frogs could fall 
even greater distances without injury because of their relatively 
greater surface as compared with their weight. Little frogs as a 
rule do not climb tall trees, however. 
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CHAPTER XVIII 


THE RELATION OF AMPHIBIA TO THEIR ENVIRONMENT 

Frequent reference has been made above to the close relation 
between Amphibia and their environment. Certain aspects 
of this subject require further consideration. 

Metabolism of Amphibia. — Amphibia are cold-blooded; they 
lack the mechanisms which give the higher types both freedom 
from environmental change and constancy of chemical activity 
at the optimum conditions for the expenditure of their energies. 
Low body temperature means slow chemical changes, such as 
those of digestion, also lower velocity of nerve conduction and a 
throttling down of many other body activities which in the 
homoiotherms produce a more active and efficient organism. 
Thus the digestive enzymes of both salamanders and frogs exhibit 
their greatest degree of activity at about 37®C., which is the 
optimum temperature for mammals (Kenyon, 1925). Such a 
body temperature is practically never realized in Amphibia. 
In fact, most Amphibia are so adjusted they would die at that 
temperature. Hence their energy sources, the food and oxygen, 
are made available at a much slower rate in these forms. The 
range of metabolic rate in Amphibia is from eighteen to one 
hundred eighty times slower than that of small mammals and 
birds. Amphibia are not able to make use, to the fullest extent, 
of either their nervous or their motor systems. They remain 
slaves of their surroundings. 

Although in a general way VanT HofFs law that the velocity 
of chemical process is approximately doubled for every rise of 
10°C. applies to metabolic processes in amphibians and has been 
shown by Laurens (1914) to hold for the rate of the heart beat in 
Ambystoma, its applicability is not absolute. Krogh (1916) has 
reviewed the works of investigators showing that the “law” 
applies better in the intermediate ranges than at high and low 
temperature extremes. Oxygen consumption has been found 
greater at low temperature and lower at high temperature than 
the amount expected by this law. Furthermore, the seasonal 
maximum of metabolism does not necessarily come at the height 
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of summer heat but rather appears during the mating season, in 
early spring. This is undoubtedly due to the influence of internal 
secretions set up by the sexual cycle and indicates the profound 
regulatory and modifying effect of hormonic influences on chem- 
ical processes, which otherwise would appear to conform strictly 
to inorganic laws. 

Many factors influence the body temperature and hence affect 
the metabolism of Amphibia. Water is such a good conductor 
that immersed Amphibia follow closely the temperature of their 
aquatic environment. Water affords a very stable medium which 
does not undergo the sudden fluctuations of temperature peculiar 
to the land environment. The skin of Amphibia is moist and 
the loss of heat on land through evaporation may be greater than 
the actual heat production of the animal. Rubner (1924) found 
that in Rana esculento, at 3°C. the cooling by evaporation would 
lower the body temperature to only half a degree above freezing, 
while at 30°C. the body temperature dropped to 25.4°C. In 
dry air, frogs are always colder than their environment, while in 
high humidities they are warmer than their surroundings (Isser- 
lin 1902). Tree frogs have on various occasions been reported 
resting on leaves exposed to the direct rays of a scorching tropical 
sun. In these cases the temperature of the frogs was probably 
considerably below that of the surrounding atmosphere. The 
moist skin affords the Amphibia a protection against overheating, 
but as the skin itself is subject to rapid desiccation, few Amphibia, 
other than the rough-skinned toads and salamanders, will remain 
long in a dry atmosphere. These rough-skinned species depend 
largely on their lungs to prevent overheating. The pulmonary 
evaporation mechanism is extensively employed in higher verte- 
brates for the lowering of body temperature. The loss of heat 
through the skin or lungs of amphibians, is a temperature- 
regulating mechanism in its primitive form. Since the mecha- 
nism of keeping the skin moist is dependent on the environment, 

it further restricts the habitat of these animals. 

The pigmentation of an amphibian may affect its body tem- 
perature considerably. Most species when cold expand their 
melanophores. Arboreal species or forms living in expose 
situations and subject to the cooling effect of winds on their 
moist skin are often able to change their coloration quick y. 
This is usually considered a concealing device, but it may equally 
function as a regulator of body temperature. 
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Temperature and Behavior. — Amphibia usually respond 
adaptively to thermal change. Frogs retreat to hibernation on 
the approach of cold weather and reappear on the advent of 
spring warmth. Each species, however, has its own temperature 
level to which it responds. Some salamanders, such as Gyrino- 
philiis porphyriticuSy select colder waters in which to live, and 
others, such as Necturus, undergo an annual migration to waters 
of warmer temperature. Species differ considerably in their 
range of tolerance and this range may determine their distribution 
or their time of appearance. Tropical frogs do not live well at 
temperatures northern frogs enjoy. In the case of the Indian 
Rana hexadactyla, Garten and Sulze (1913) showed that a cessa- 
tion of reflex excitability occurred at 5°C., which is several 
degrees above the critical temperature for northern frogs of the 
sartie genus. Many forms, however, are able to acclimate them- 
selves to a marked change of temperature if given a sufficient 
time. Davenport and Castle (1895) found that the upper limit 
in toad tadpoles could be increased several degrees, and these 
tadpoles are occasionally found in nature in water which is 
uncomfortably warm to touch. At the other extreme, Bufo lives 
in the Himalayas at an altitude of over 14,000 ft. and Scutiger 
has been collected 2,000 ft. higher in Tibet. 

The relative humidity is well known to influence the movements 
of Amphibia. Since the skin is moist, it acts very much like 
the wick of a wet-bulb thermometer and depresses their body 
temperature below that of the environment. Hall and Root 
(1930) found that in an atmosphere of 7 per cent relative humidity 
at 20°C. Plethodon glutinosus suffered a depression of 9.21°, 
Rana pipiens 8.60°, and Bufo fowleri 7.33°. Thus the toad with 
its relatively drier skin was influenced least by the dry air. By 
way of contrast, certain rough-skinned lizards showed very little 
lowering of body temperature at the same humidity. Lowering 
of the body temperature is known to bring into function various 
reflexes not exhibited at higher temperatures (Chap. XVI). 
Hence humidity may have a far greater influence on the behavior 
of moist-skin Amphibia than it does on reptiles with their dry 
skin. Frogs may be warmer and better able to use their digestive 
and nervous mechanism on a rainy day than on a dry, sunny day. 
The development of a dry skin in the early reptiles was an impor- 
tant step in the direction of homoiothermism which the Amphibia 
failed to follow. 
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Metabolism and Behavior. — Specific differences of behavior 
may be due in part to specific differences of metabolism. Helff 
(1927) showed that marked differences in oxygen consumption 
existed between several species of Ambystoma. It was interest- 
ing to note that A, tigrinum^ the most aquatic species, had the 
lowest rate. This is in keeping with the observations of Cron- 
heim (1927) : that the terrestrial Rana temporaria absorbed more 
oxygen than certain aquatic European frogs. Amphibia during 
metamorphosis undergo a rapid increase in oxygen consumption. 
The immediate cause for the adoption of land life might be in 
these cases a greater need for oxygen, but the oxygen need in 
turn would be conditioned by the specific metabolic rate which 
fluctuates around a certain mean. 

Fuel of Metabolism. — Food is the fuel of metabolism. Starva- 
tion of frogs may result in a 40 per cent decrease in metabolism 
within a week (Hill, 1911). In these forms a low metabolic level 
was reached during inanition in 15 days and no marked drop 
occurred after this time. Hill suggests that the glycogen stores 
may have been exhausted after a week, and a shift from carbohy- 
drate to fat metabolism may have occurred. Fat oxidation gives 
a lower energy supply than glycogen, hence is the chief source of 
energy for Amphibia during hibernation. Amphibia, like many 
mammals, tend to store fat during the summer and to utilize this 
food source during winter hibernation (Athanasiu, 1899; Dolk 
and Postma, 1927). 

Small mammals are required to eat proportionately to their 
weight a greater amount of food than large mammals in order to 
keep warm, for their surface, which radiates heat, when compared 
with their bulk, is proportionately greater. Rubner (1924) has 
presented data which suggest that the “surface law” of decreas- 
ing energy consumption in relation to decreasing surface is appli- 
cable to amphibians when only a single species is considere . 

Hormones and MetaboUsm.— The metabolism of Amphibia is 
greatly affected by the secretions from the glands of internal 
secretion, especially by the thyroid hormone. In this, Amphibia 
agree with mammals. During the breeding season there is a 
distinct rise of the metabolic rate which is most marked in the 
male (Cronheim, 1927). Metabolism decreases with age. It is 
noteworthy that animals which differentiate early and reproduce 
at a small size probably never reach the age of the slow-lowing, 
less differentiated types. At least the large perennibranchs 
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and derotremes have longer life records than any of the smaller 
Amphibia and the same relation between slow growth and age 
seems to maintain for higher vertebrates. 

Although the metabolism of Amphibia differs from that of 
higher vertebrates in quantity rather than in kind, there is also 
the important distinction that warm-bloodedness has made 
possible a complex series of interlocking physiological systems 
which usually prohibit any marked slackening of the pace of 
living without bringing disaster. Thus, while both frogs and 
salamanders are known to have lived over a year without food, 
and frogs, at least, to have recovered after ice had formed in 
their blood and lymph spaces, no warm-blooded type could 
resist such adversities. Although Amphibia are deficient in 
nervous and other mechanisms which give the mammals the 
optimum conditions of energy transformation and body activity, 
they can subject themselves to far greater changes of their 
metabolic rate and survive. Few, however, can live at the high 
body temperatures found in mammals and birds. There is thus 
not only a difference in average level but in optimum temperature 
levels between Amphibia and higher forms. 

Effect of the Environment. — Amphibia possess numerous 
structural and physiological adaptations which help them to 
live in particular environments. As discussed in a previous 
chapter (page 86), these have arisen for the most part by the 
gradual selection of favorable mutations by particular environ- 
ments. All Amphibia are able to undergo certain adjustments 
during development and in some cases this influence of environ- 
ment during ontogeny may be considerable. It is frequently 
possible to predict the habitat of a species merely by examining a 
specimen superficially. Thus, a frog with large adhesive discs 
on its toes is usually arboreal; a salamander with a broad tail fin, 
aquatic; or a toad with enlarged “spades” on its feet, fossorial. 
Numerous instances of such correlations have been given in the 
preceding chapters. On the other hand, two closely related 
species may have very different habits without showing correlated 
differences in structure. The common Amhystoma tigrinum 
may remain in the ponds during the summer months (Hay, 
1892), while the related A. maculatum which does not seem exter- 
nally less fitted for aquatic life is terrestrial throughout the greater 
part of the year. The tadpoles of Rana clamitans are vegetarian, 
those of R, sylvatica carnivorous (Hay, 1892), but the two species 
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exhibit only slight differences in their dentition. Hyla arenicolor 
has a strong predilection for the vicinity of streams and yet does 
not appear better adapted for this habitat than H, versicolor 
or many other arboreal species. One would hardly guess from 
an external examination that Pseudobranchus burrows in the 
mud at the bottom of ponds while the closely related Siren never 
exhibits these proclivities. In brief, many habitat preferences 
of Amphibia are not reflected in any external characters. 

In the chapters dealing with the various organs of Amphibia, 
frequent reference has been made to the ontogenetic effects of 
environmental factors. The form of the gill, for example, may 
be greatly influenced by the amount of oxygen available; not only 
are the gills of Salamandra and newts longer in water poor in 
oxygen but their epithelium is much thinner than that on the 
gills of larvae retained in the water rich in oxygen (Drastich, 
1925). Similarly, Dorns (1915) showed that the size and arboriza- 
tion of the external gills of Rana esculenta tadpoles increased with 
the temperature. It would appear probable that the environ- 
ment during each ontogeny would have an influence on controlling 
the length of the gills in all Amphibia, although to what extent 
it is responsible for the many extraordinary types of gill form 
discussed in Chap. Ill is at present uncertain. The effect of the 
environment may not only be specific for certain tissues, but it 
may also be general on many parts of the body. It is this latter 
type of effect which may be dealt with in further detail here. 

A decrease of available oxygen lowers the respiratory quotient 
in spite of the increase in respiratory surface. This is apparently 
due to the accumulation of the products of incomplete oxidation 
(Drastich, 1925). It also leads to a decrease in thyroid size 
and a slowing up of both development and differentiation. An 
increase in the temperature leads to a hypertrophy of the gills 
and a thinning of their epithehum apparently in correlation with 
the increased gas exchange. At the same time an increase in 
temperature leads to a decrease in the size of the body cells and 
their nuclei (Hartmann, 1922). A rise in the temperature 
increases the metabolic rate of Amphibia, and this in turn has 
many effects. The nitrogen excretion of frogs increases with a 
rise from 21 to 31°C. At the higher temperature a yellow pig- 
ment appears in the urine (Van der Heyde, 1921). The quantity 
of food the newt will take increases with the temperature and 
this influences directly the rate of growth (Springer, 1909). If 
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the maximum quantity of food a newt will take at a low tempera- 
ture be taken as a feeding basis, the rate of growth diminishes with 
an increase in temperature because the individuals at the higher 
temperatures are underfed. It has frequently been noted that 
tadpoles, when crowded, do not grow so rapidly as others less 
confined. Adolph (1929) has shown that this is not due to the 
lack of oxygen but merely because the physical disturbances of 
crowding prevent the tadpoles from eating as much as those in 
larger ranges. Similarly, axolotls and pond tadpoles accustomed 
to feed in quiet water grow more slowly in running water (Goetsch, 
1928). This may be due to the fact that such larvae do not 
secure enough food or possibly to the fact that they are forced 
to use their food reserves more cjuickly. Among frogs in general, 
pond life has produced more giant tadpoles than stream life. 
The correlation is not, however, so close among the urodeles. 

One of the most remarkable modifications attributed to dif- 
ferences in feeding is reported by Powers (1907) in Arnbystoma 
ligrinum. He found that cannibal individuals differed remark- 
ably in their elongate teeth, flat heads, and body proportions 
from non-cannibals of the same species. Special diets may lead 
to malformations of the tail or body in other salamanders (Klatt, 
1927). Overfeeding with liver frequently leads to distended 
bodies and bent tail in both larvae and adult salamanders. A 
lack of minerals in the diet may produce a curvature of the 
spine and a reduction of pigmentation in larval Ambystoma, also 
peculiar twists in the tail of the adult (Patch, in press). Feeding 
European newts on a shellfish diet (Sphaerium) causes them to 
develop with a much shorter head than plankton-fed controls. 
Krohn (1930) attributes this change of head form primarily to 
an increase in the fluids of the brain ventricles. A one-sided diet 
is therefore to be avoided under laboratory conditions where 
healthy animals are required. The best initial food for Amby- 
stoma larvae is an assortment of small aquatic Crustacea, while 
earthworms containing considerable mineral matter should be 
added to a diet of beef or liver at a later stage. Whether or not 
peculiar diets have produced distinctive types in nature is 
unknown. The experiments of Powers have not been repeated 
by later investigators and his conclusions are in need of further 
confirmation. The question of the inheritance of these and other 
environmental effects has been considered in previous chapters. 
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Microscopic Parasites— Amphibia suffer the depredations of 
many kinds of parasites (Jacob, 1909) some of which are highly 
pathogenic, producing diseases which resemble those of man. 
The newt picks up more parasites during its aquatic than during 
its terrestrial stage (HoU, 1928a). Further, the Cricket Frog, 
Acris, is more parasitized during the breeding season when it is 
largely aquatic than later in the season. Still, there is no definite 
evidence that disease has played a large part in controlling the 
distribution of any species of amphibian. 

Several species of fungus are known to attack the skin and 
intestines of Amphibia. Saprolegnia forms pale, feltlike blotches 
over the skin of both frogs and salamanders, especially under 
laboratory conditions. Scott (1926) describes a Monilia which 
also forms felty growths on the skin of frogs, toads, and sala- 
manders. The disease is highly contagious and usually fatal. 

One of the commonest bacterial diseases of frogs in captivity is 
known as “red leg.” This is caused by Bacillus hydrophillus 
fuscusj which produces a congestion of the blood vessels on the 
ventral surface of the body resulting in more or less hemorrhage 
beneath the skin. The frog becomes oedematous and if kept in 
water gains in weight due to the absorption of water through the 
skin without a compensatory release of water by the kidneys 
(McClure, 1925). The disease is usually fatal unless the frogs 
are kept at low temperatures for a period. 

Other bacteria have been described from frogs (Stutzer, 1926), 
including the tubercle bacilli (Lichtenstein, 1920), but it is chiefly 
the Protozoa which infest Amphibia in great numbers. The 
intestines of frogs and salamanders are inhabited by many species 
of flagellates, infusorians, rhizopods, and sporozoans (Collin, 
1913). 

Hegner (1923) found that living flagellates of the Euglena type 
were the normal inhabitants of the intestines of tadpoles living in 
ponds rich in algae. Other flagellates, such as Trypanosoma, are 
frequently found in the blood of frogs and salamanders. Although 
it is a Trypanosoma which produces the African sleeping sickness 
and some species such as T. inspinatum are pathogenic in frogs, 
other species of the same parasite are not known to have serious 
effects upon their host. Some Trypanosomes are transmitted 
by leeches, the organisms gaining access to the wound made by 
the proboscis of the leech (Wenyon, 1926). The common newt, 
Triturus viridescens, is so frequently infected by Trypanosoma 
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diemyciyli (Fig. 138) that it may be used as a ready source of 
supply for class-room demonstration of this parasite (Hegner, 

1920). 

The integument of aquatic Amphibia frequently supports a 
rich protozoan fauna. Wenrich (1924) reports one flagellate and 
seven ciliates from the skin of tadpoles, and Sassuchin (1928) 
has added a list of species which he has found in the slime of the 
tadpole skin. Under laboratory conditions Cryptobranchus 



Fio. 138. — Trypanosoma di- Fig. 139. — Opalina ranarum, a ciliate parasite 

emyctyli. (AfUr Nigrelli.) of frogs. {After McUalf.) 


frequently develops a rich growth of Vorticella, and various free- 
swimming ciliates may be found in the mucous secretion of the 
integument. These in themselves do not appear to be patho- 
genic but they are often accompanied by a growth of mold which 
causes great injury. 

Among the ciliates in the intestines of tadpoles and frogs the 
opalinids are perhaps the most common. These have a ciliated 
body, several nuclei, but no mouth. Although they may reach 
a diameter of nearly a millimeter, they apparently do little dam- 
age to the body of their host. Opalinids (Fig. 139) are found in 
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many parts of the world and have been recorded from fish and 
salamanders as well as from frogs. Many species are common 
to several families of frogs, but Metcalf (1929), who has recently 
monographed the group, believes the distribution of the various 
genera lends support to his views of the migration routes of the 
frogs and toads which they parasitize. Thus, Zelleriella, which 
infests various genera of not closely related frogs, is found nowhere 
except in Australia and South and Central America. To Harri- 
son and IMetcalf this means that South America and Australia 
have been joined in past time in some way which excluded north- 
ern land masses. It may well be, however, that the northern 
opalinids were not in existence at the time the present southern 
opalinids were being carried south by whatever species they 
happened to parasitize at that time. The host-parasite method 
may be used in elucidating the relationships of hosts when the 
parasites are specific and when the same or closely related species 
are found in two animals of doubtful affinities. But the opalinids 
are not specific and they do not help in suggesting either the 
relationships of the various genera of frogs and toads or the 
migration routes which these genera followed in the past (Noble, 
1925). 

The Rhizopoda include many of the most common fresh-water 
Protozoa. They possess neither flagella nor cilia like the forms 
previously considered but move about by projections from the 
body called “pseudopodia.” The amoeba is the most familiar 
example. Dysentery is produced by certain rhizopods, but 
whether the several genera described from the intestines of frogs 
and newts cause similar diseases in their amphibian hosts is not 
known. 

The most characteristic parasitic Protozoa of Amphibia are the 
Sporozoa. They have neither cilia, flagella, nor pseudopodia and 
reproduce mainly by the formation of spores in great numbers 
at one time from their one-celled body. Sporozoa have been 
recorded from the kidneys, digestive tract, and various other 
organs of Amphibia. Guyenot and Ponse (1926) have described 
a species from the cells of Bidder^s organ in the toad. The 
Hemosporidia live in the blood, certain species causing malaria 
and tick fever in mammals. Other species occur in the blood of 
Amphibia (Sanders, 1928) and certain of these are transmitted 
by the bite of a leech (Cleland and Johnston, 1910). Hemospori- 
dia while found in the blood of all vertebrates are especially 
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abundant in the cold-blooded groups including fishes and reptiles, 
as well as Amphibia. Lankesterella is found in the red blood cells 
of frogs and is only about half the length of these corpuscles. 

Larger Parasites. — Turning to the parasites which one may 
more readily see, the roundworms and flatworms are by far 
the most abundant. Nematodes, which include the notorious 
hookworm of the Southern states, are found in both digestive tract 
and body cavity of frogs and salamanders. Acanthocephali, 
which arc closely allied to Nematoda but have hooks on the pro- 
boscis, have been recorded from the intestine of frogs. The 
Trematoda, or flukes, are parasitic flatworms still possessing an 
alimentary tract but having suckers or adhesive organs. The 
most frequently seen is Polystomum, which has a circle of distinct 
suckers at the posterior end of the body. It is a common inhabit- 
ant of the urinary bladtler of frogs. Trematodes are also found 
in the intestines of both frogs and salamanders and new species 
have recently been described from American forms (Cort, 1919; 
Holl, 1928a). Cestodcs, which include the tapeworms, represent 
the most extreme specialization for parasitic life among the flat- 
worms. They are white and segmented. Tapeworms have 
been found in the intestines of both European and American frogs. 
In addition to round- and flatworms, other wormlike parasites 
have been recorded from frogs, including a true oligochaete para- 
sitic in the urogenital system of a South American tree frog 
(Michaelsen, 1926). 

Under laboratory conditions salamanders are sometimes 
infested by a red mite which may cause annoyance both to the 
salamander and to the observer who wishes to keep the sala- 
manders in good health. Flies of several genera parasitize frogs 
and toads. Some species lay their eggs in the nostrils of toads 
and the larvae which emerge make their way into the nasal 
chamber and other parts of the body. Batrachomyia was 
described as a genus of flies, the larvae of which lie between skin 
and muscle of Australian frogs and, while producing enormous 

lumps in the skin, eventually escape without destroying their 
host (Skuse, 1889), 

In the laboratory the infections of Amphibia frequently cause 
considerable inconvenience to the student. Weak solutions of 
potassium permanganate, mercuro-chrome, copper sulphate, and 
iodine have been used with varying success to remove molds and 
external parasites. Pennies kept in the aquaria usually release 


442 


THE BIOLOGY OF THE AMPHIBIA 


enough copper salts into the water to discourage the growth of 
molds. Amphibia weakened by disease will sometimes recover 
when placed for short periods in the ice box. The use of running 
water and the isolation of infected animals will frequently check 
the spread of the more common diseases. 

Other Enemies. — Frogs and salamanders are harassed through- 
out life by legions of enemies and only a very small proportion of 
any one brood lives to reach maturity. Although the eggs are 
surrounded by a protective jelly, they are frequently eaten or 
destroyed, even some salamanders such as the newt, being respon- 
sible for some of the losses. Giant water bugs, dragonfly nymphs, 
larvae of water beetles, and many other aquatic insects destroy 
tadpoles in great numbers. Many microscopic Crustacea attack 
salamander larvae, devouring first their gills. Fish, especially 
pike, bass, and catfish, prey upon tadpoles and young frogs. 
These formidable enemies frequent the larger ponds, which are 
usually avoided by Ambystoma during the breeding season but 
may form the regular breeding grounds of toads and several 
species of Rana. Large frogs will seize smaller individuals of 
their own or other species. This cannibalistic habit has been 
one of the factors which has led some frog culturists to abandon 
the rearing of bullfrogs for market (Wright, 1920). Salamander 
larvae frequently devour smaller individuals of the same or dif- 
ferent species. This struggle for existence, larva against larva, 
has been recorded also among the tadpoles of frogs. De Villiers 
(1929) found that tadpoles of the South African Rana grayi 
frequented the same pools as the tadpoles of a brevicipitid Cacos- 
ternum. As the pools began to dwindle, only the Rana tadpoles 
survived. Direct observation in the laboratory showed that 
the Rana tadpoles would swallow the Cacostemum tadpole at a 
single gulp and this voracious habit was the apparent reason for 
the non-survival of Cacostemum under conditions of crowding. 
This case is by no means unique. Larvae of some species of 
Ceratophrys and Rana are also cannibalistic. 

The greatest enemies of frogs are, probably, thesnakes. Water 
snakes and garter snakes devour many of the smaller species. 
The spreading adder, Heterodon, feeds largely on toads and there 
are exotic snakes which are known to include a very high percent- 
age of toads in their diet. Black snakes, copperheads, and various 
other local species have been shown to feed on terrestrial Salientia. 
Salamanders, because of their secretive habits, probably suffer 
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less than frogs from the depredations of serpents. Other reptilian 
enemies of Amphibia include the aquatic turtles. In the United 
States the musk and snapping turtles are especially destructive of 
tadpoles and may seize frogs. Alligators are also reported to 
be foes of frogs. None of these species compares with snakes in 
their continuous persecution of the frog tribe. 

Birds and mammals take a very high toll of amphibian life. 
Ponds abounding with newts and tadpoles have been picked clean 
of amphibian life by domestic ducks wathin a short time after 
their release in the area. Herons are well known to stalk the 
shallows in search of frogs or their tadpoles. Such a nocturnal 
and secretive salamander as Plethodon dnereus was found by 
Allen to be captured in some numbers by screech owls. The 
common crow was shown by Barrows to take frogs and toads 
more regularly than any other kinds of food. The mammalian 
enemies are less numerous than birds but include many familiar 
forms, such as weasels, skunks, and even rats and cats. Man, by 
draining the marshes and by collecting great numbers of frogs at 
all seasons, is rapidly exterminating frogs and toads from many 
parts of the country. The automobile has been considered the 
greatest enemy of the toad, and certainly the pollution of streams 
in the Alleghanies has done much to destroy the breeding grounds 
of Cryptobranchus. In many indirect ways man makes living 
precarious for Amphibia. 

Length of Life. — The span of life attained by Amphibia is not 
known with certainty. A few species, however, have been in 
captivity for long periods. Wolterstorff (1928) records a Japa- 
nese newt, Triiurus pyrrhogaster^ which had been living in his 
possession for 25 years, and Debreuil (1925) a Spanish newt, 
Pleurodeles waltl, which had lived 20 years without leaving an 
aquarium. Common European toads have been credited with 
36 years of life, and tree toads with 10 (Szab6, 1927) to 22 years. 
Of course the story that a toad can live for centuries entombed in 
stone or in old wells is sheer fable. The question was settled as 
long ago as 1777 by direct experiment, but the belief is still 
prevalent among many people. 

In general, larger animals live longer than smaller ones (May- 
enne, 1924). A specimen M egalohatrachus maximuSj the largest 
salamander, has been kept 52 years in the Amsterdam aquarium. 
At this time it had reached the length of 114 cm., while a ten-year- 
old Siren was only 50 cm. long. Siren has been reported to live 
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25 years in captivity and Amphiuma 26. In general, the larger 
frogs and toads reach sexual maturity later than the smaller 
species. Larval life may last less than a month, as in the case of 
some Spade-foot Toads, Scaphiopus, to over 2 years, as in some 
Bullfrogs. Thoroughly aquatic Salienta, such as the Bullfrog, 
Rana catesbeianaj or the South American species, BalvdchophTynus 
microphthalmus and Pseudis paradoxa, have a longer larval period 
(or at least reach a larger larval size) than more terrestrial forms. 
Large size is definitely correlated with an abundant secretion of 
the hormone from the anterior lobe of the pituitary gland. Fur- 
ther, the onset of metamorphosis is induced by the release of the 
colloid in the thyroid gland. Possibly the endocrine organs 
control the span of life by hastening or slowing up the rate at 
which both larval and adult differentiations take place. 

Although some newts, Triturus virtdescens, and Tiger Salaman- 
ders, Arnbystoma tigrimim, may become sexually mature as 
larvae, most salamanders and frogs do not breed until a year or 
more after metamorphosis. Gadow (1901) records axolotls 
as becoming sexually mature at about six months of age, and cer- 
tain European newts have been reported to reach sexual maturity 
in less than a year. Both Plethodon cinereus (Blanchard, 1928) 
and Batrachoseps attenuatus (Storer, 1925) reach sexual maturity 
2 years after hatching, although they may not breed until nearly 
a year later. The tree frog, Htjla arenicolor, breeds when two 
years old. Storer (1925) found that of the western toads, Bufo 
boreas halophilus required 2 years, Bufo canorus 3 years, and 
Bufo cognaius 4 years to reach sexual maturity. This represents 
the range found in most frogs, although some species of Rana have 
been credited with even greater time to attain sexual maturity. 

Age is determined by measuring all the individuals found in a 
single locality and plotting the sizes. If enough individuals are 
considered, the frequency modes may give the number of years 
required to reach sexual maturity, but they will not show the 
total age, for most species grow slowly, if at all, after reaching 
sexual maturity. Many species, particularly some tropical forms, 
seem to have an absolute size which the males soon attain, but 
this does not hold for many salamanders nor for some northern 
frogs. 
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CHAPTER XIX 

GEOGRAPHIC DISTRIBUTION AND ECONOMIC VALUE 


The distributions of the various groups of Amphibia are con- 
sidered in some detail in the second part of this volume. It is, 
however, of some interest to compare distributions and to 
attempt to determine the probable routes of dispersal of each 
family. Such conclusions, if sound, should be in harmony with 
the conclusions of zoogeographers studying other groups of land 
animals of the same apparent age. 

Geographical Distribution. — It is a well-known fact that the 
various groups of Amphibia show different geographical distribu- 
tions. Urodeles are found primarily in the northern hemisphere, 
caecilians are circumtropical, while frogs and toads occur over 
the entire world except in regions of extreme cold or aridity. 
The various families have also different limits of distribution. 
Hynobiid salamanders are found only in Asia and adjacent 
islands; ambystomids, amphiumids, and sirenids only in North 
America. The small family of Cryptobranchidae have repre- 
sentatives living today only in Japan, China, and eastern North 
America; the Proteidae, only in Southern Europe and eastern 
United States. The salamandrids, with their center of maximum 
abundance of species in Europe, are widely spread in the northern 
hemisphere, while the Plethodontidae, the dominant group of 
North American salamanders, have two species in southern 
Europe and a few in the Andean region of South America. The 
Salientia have equally distinctive ranges: the Liopelmidae live 
today only in New Zealand and northwestern United States; 
the Discoglossidae, in Europe and Asia including the Philippines. 
The Pipidae are found in the tropics of Africa and South America; 
the Pelobatidae are holarctic but have invaded the tropics in the 
Philippines, the East Indies, and the Seychelle Islands. The 
small family of brachycephalid toads is confined to the neotropics. 
The large families of bufonids, hylids, ranids, and brevicipitids 
are distributed over most of the continents but do not have 
identical ranges. The Hylidae exhibit a broad hiatus in the 
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Indo-Malayan region, while the Ranidae are absent from South 
America except for Rana whicli has reached only the northern 
part of the continent. 

The ranges occupied today by the urodeles do not coincide with 
those of the frogs; the geographic limits of each family of 
Amphibia have their own peculiarities. These differences are due 
to the different times at which the groups arose in the past, the 
different modes of living, and the different barriers which affected 
the dispersal of the groups. If a natural group of Amphibia today 
occupy two distinct territories, species of this group must at some 
previous period have lived in the intervening area. Unfor- 
tunately, Amphibia do not make good fossils and there is very 
little record of the ancient wanderings which must be postulated 
to account for present distributions. 

Some reference may, nevertheless, be made to this meager 
record, for it is a fair index of the kinds of migration which 
occurred. Although the Crypt obranchidae are thoroughly aquatic 
urodeles, living today only in streams, they had during the latter 
part of the Tertiary a very wide distribution (Fig. 140). Fossil 
cryptobranchids are known from the Miocene of lOurope and the 
Lower Pliocene of Nebraska, and hence the group formerly flour- 
ished in regions where today no living individuals occur. Simi- 
larly, the primitive salaniandrid Tylototriton is confined today to 
the eastern Himalayas, Yunnan, Burma, and the Riu-Kiu Islands, 
but it also is known as a fossil from the Miocene beds of southern 
Europe. There are other definite cases, such as that of Spade- 
foot Toads from the Oligocene of Mongolia and the extinct 
family of toads, Palaeobatrachidae, from the Oligocene and 
Miocene of Europe, which show conclusively that amphibian 
faunas have existed in regions now devoid of these forms. They 
also show that groups which have passed through a region need 
not have left relic types behind as proof of these migrations. 

The present distribution of the various groups of Amphibia 
demand that land connections existed in previous times between 
regions now separated by water. Europe and America were 
apparently connected, it would seem by way of Greenland, at a 
time when this northern region enjoyed a warmer climate. The 
European Proteus and the American Necturus are closely related 
and the only members of the distinct family Proteidae. The 
plethodontid genus Hydromantes has one species in the Sierra 
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Nevada of California, another in southeastern France and north- 
western Italy, while a third is in Sardinia. 



A second land bridge, frequently postulated to explain the 
distribution of higher groups such as the mammals, connected 


ranges and probable migration routes of four famUies of Amphibia. 
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Alaska and Asia. It was apparently across this bridge that 
Cryptobranchus, Ascaphus, and the brevicipitids came from 
Asia. The narrow-mouthed toads included at least Microhylinae 
and Kalophryninae in their original migratory stock, for repre- 
sentatives of both subfamilies are now in China and the United 
States. The north-Pacific land bridge probably admitted pelo- 
batids and some of the hylids to America; but here the evidence 
is not so conclusive. 

Land Bridges. — The distribution, both present and past, of the 
Amphibia does not demand any other land bridges across the 
Atlantic or Pacific than those just indicated. Geologists have 
shown the extensive changes in elevation which have taken place 
on the continental masses. North and South America have been 
at various times connected and disconnected; further, there was, 
during parts of the Tertiary, less water between Asia and Aus- 
tralia than now exists. Apparently, the Amphibia made exten- 
sive migrations along these land masses. During the Mesozoic, 
Dinosaurs existed on all the continents; while during the Tertiary, 
various groups of mammals migrated over the greater part of the 
world. Salientia were in existence since Jurassic times at least, 
and it is not improbable that hylids and bufonids were established 
in the southern hemisphere before the beginning of the Tertiary. 
The frog faunas of South America and Australia have con- 
siderable resemblance. In both, bufonids and hylids are domi- 
nant types. This does not necessitate our assuming that these 
two continents must have been connected. It has recently been 
shown that toothed bufonids closely allied to Crinia of Australia 
existed in the Eocene of India (Noble, 1930). The bufonids of 
Australia are as closely related to the African forms as they are to 
the South American species. Hyla is found in Australia and 
South America, but this genus has been described as a fossil 
from the Miocene of Europe. When the world-wide distribution 
of the hylids and bufonids is considered, it becomes clear that both 
of these families in all probability arose in the north and spread 
southward along existing continental masses to their present 
ranges (Noble 1925). This retreat to the South is no more 
remarkable than that which our knowledge of fossils shows us 
to have taken place in many other groups, as, for example, in the 
pleurodire turtles. 

There are many peculiarities of distribution for which we have 
at present no adequate explanation. Thus, pelobatids are now 
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known from the Seychelle Islands but none from Africa. Were 
the Seychelle Islands formerly connected with India where 
pelobatids live today, or did pelobatids in former times abound 
in Africa? Toothed brevicipitids occur in Madagascar and 
southern Asia. The tree frog, Polypedates, is common to both 
regions. Is this evidence that Madagascar and Asia were con- 
nected? Madagascar lacks the pipids, bufonids, and caecilians 
of Africa, a fact which suggests a long isolation from the African 
mainland, but this region includes the modern and characteristi- 
cally African Hyperolius and Megalixalus, which seems to indi- 
cate that frogs have been able to reach that island in recent times, 
hrom such data as these it seems probable that Aladagascar may 
have been always separated from Africa but that long ago it 
received by flotsam-jetsam methods a few brevicipitids and 
ranids which underwent a remarkable radiation on that island. 
Similarly, the connection between Australia and Asia may never 
have been entirely complete in order to have admitted the few 
types of Salientia which underwent a specialization there. 

Age and Area, — In determining the migration routes of animals 
it is important to know the relative age of the group and the 
methods of dispersal available to it. If the group is a compara- 
tively modern one in which few extinctions have occurred, the 
center of dispersal will tend to lie near the center of the group 
range, at the intersection of the possible routes of migration. 
The oldest groups will tend to have the widest distribution and, 
because of the frequency of extinction, will also exhibit the 
most discontinuous ranges. This rule seems to hold for liopel- 
mids and pipids but not for some other presumably ancient 
groups such as the hynobiid salamanders. 

Most animals, including the Amphibia, gradually extend their 
ranges in the course of their normal wanderings. Nevertheless, 
the various species are usually restricted in their travels to dis- 
tinctive habitats. This is not always the case, since various 
aquatic species have been known to makp long overland journeys 
after rains. The dispersal of animals is augmented by the 
climatic cycles which bring profound changes in the environments 
of any one locality. When such changes occur, any animal with 
restricted habitat requirements must move out in order to survive. 

It was the recognition of this fact which led Matthew (1915) 
to conclude that the primitive forms of any group will in general 
be found on the periphery of the range, for most groups have 
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survived one or more of these climatic cycles and have left the 
original home territory to more advanced types adapted to meet 
the new conditions. The rule does not apply to all groups of 
Amphibia. Some, such as the Plethodontidae, may have arisen 
in a region which has not undergone a marked change (Dunn, 
1926) and the specialized derivatives of the original stock may 
be found anywhere throughout the range where habitat condi- 
tions permit. 

Barriers to Dispersal. — The requirements of Amphibia, so 
important in limiting their migrations, vary with the species. 
Ascaphus thrives at lemperatures a few degrees above freezing 
and dies in captivity unless kept cool. The smooth-skinned 
Bufo alvanus can live successfully only near streams, while its 
rough-skinned relative B. cognat us is at home in the desert. All 
Amphibia demand some moisture, but as this requirement 
varies with the species, due to the inherited morphological and 
physiological p(‘culiarities of the form, the moisture content of 
any one locality may determine the species living there. 

As in the case of fishes and birds, the distribution of Amphibia 
is often limited by their breeding-site preferences. Frogs or 
salamanders which lay their eggs near mountain str(*ams usually 
do not wander far from these locations. Necturus is found more 
commonly in streams affording nesting sites than in those lacking 
a bed of suitable stones. On high mountains, such as the Andes, 
a large part of the frog fauna consists of species which skip over 
an aquatic larval stage and the only salamanders in the Andes, 
at least, are ovoviviparous species. Similarly, in rain forests such 
as tho.se in Jamaica the frogs are species which avoid an aquatic 
stage or are forms with larvae adapted to living in the small 
amounts of water caught between the leaves. No doubt the 
direct development of Eleutherodactylus has been one of the 
principal factors in making this group of frogs one of the com- 
monest in the neotropics. Again, in the deserts a premium is 
placed not only on species which can dig down to moisture but on 
digging forms which are able to undergo a very rapid develop- 
ment in the temporary pools left by showers. In brief, both the 
restrictions of the habitat for breeding as well as the breeding 
preferences of the species have greatly influenced the present 
distribution of Amphibia. 

Aquarists have noted many times that various alpine species 
of salamander can be shipped or kept in captivity only with 
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difficulty. In the case of Euprocius asper^ shallow running water 
at ordinary temperatures may be used as a substitute for the 
alpine-lake habitat of the species. E. asper has greatly reduced 
lungs, and apparently the oxygen requirements hold the species 
in waters rich in oxygen. On the other hand, some species of 
salamanders may be restricted to particular ranges because of a 
special sensitivity to high temperatures. Salamandrina, for 
example, in spite of its rough skin will frequently be killed by the 
heat of the hand (Klingelhoffer, 1930) and its temperature require- 
ments may be the principal reason why it does not extend its 
range into the plains of Italy. Many Amphibia may have 
requirements difficult to define in physicochemical terms. The 
distribution of Aneides luguhris seems restricted to the live oaks in 
California (Storer, 1925). Rana clamitans and R. catesheiana of 
the East live and breed in ponds; Rana hoylii and Hyla arenicolor 
of the West lay their eggs in the stream habitats which they 
frequent throughout the year. Whether it is temperature, mois- 
ture, or current which holds the latter forms in these localities is 
difficult to say. It may be noted that the higher plethodontids, 
such as Plethodon, Hydromantes, and Oedipus, which have given 
up an early life in the water, have extensive ranges. 

Many factors combine to make an amphibian a successful 
migrant. Bufo has a world-wide distribution except for Mada- 
gascar, Australia, and most of Polynesia. Toads of this genus 
are modern and hence presumably recent travelers. What 
makes Bufo a successful type while many far older forms seem on 
the verge of extinction? Some toads, such as Bnfo horeas 
halophilus and B. punctatus, can withstand brackish and highly 
alkaline waters (Storer, 1925); others can live in deserts by 
digging for short depths underground. Some, such as B. 
superciliaris of Africa, are purely forest creatures; while others 
of the same region, notably B. regularis, have adapted themselve^ 
to a wide variety of conditions. Hardiness, adaptability, and 
aggressiveness may carry an amphibian a long distance in a short 
time. The common frog, R. piptens, is a modem aquatic species 
but it has the widest range of any American Rana. It would seem 
that agressiveness was an important factor in the distribution of 

this species. • ii ■ 

Many frogs and toads are found today on islands, especially in 

the East and West Indies. It has been assumed that their 
presence there indicates that the islands were at one time con- 
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nected with the mainland, but there are other possibilities to 
consider. Hurricanes are known to strip trees completely of their 
leaves and to transport the contents of ponds for varying dis- 
tances (Visher, 1925). Eggs could be readily carried in the ddbris, 
and as adult frogs are known to leap successfully from great 
heights (Cott, 1926), it is not improbable that they could make 
an aerial trip successfully. Storms frequently move against 
prevailing winds and hence would transport ^lalayan forms into 



Fig. 141. — Speciation in Plethodon: {A) Plelkodon shermani. (B) P. metcalfi. 
(Z)) P. jordani. (£*) P. yonahlossee. They inhabit different mountain ranges in 
the Soutliern Appalachians and represent local modifications of the Plethodon 
glutinosus stock (C) which covers a wide range in eastern United States. 


some of the East Indies and Central American forms to some of 
the West Indies, At times of storms, great masses of vegetation 
are carried by freshets out to sea. Tree frogs regularly make the 
trip in banana shipments from Central America to the United 
States and it is highly probable that they could survive a short 
sea voyage in a natural raft. Primitive man may have inadvert- 
ently carried some of the species. There are many possibilities 
and little certainty as to how most of these island Amphibia 
reached their present homes. 
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Frogs and toads are most abundant in the tropics, salamanders 
in temperate regions. Still, only two salamanders, an Amby- 
stoma and a newt, reach Alaska although a Rana, a Bufo, and a 
Hyla occur there. Amphibia are unable to live in regions having 
a permanently frozen subsoil, but two species of Rana live north 
of the Arctic Circle in Norway and Russia and one salamander 
inhabits artic Asia. 

Few genera of Amphibia are spread today over more than one 
continent, and here their distribution may be confined to certain 
environmental niches. Evolution is speeded up by diversity of 
environment. With the greater number of ecological niches 
that become available, the more chances there are for the isolation 
of new types. Hence, mountainous regions with their variety of 
habitat types tend to have more genera and species than lowlands 
with their uniform vegetation areas. Conversely, the number 
of species in a region is usually an index of the degree of environ- 
mental diversity (Fig. 141). 

Where species are abundant, as in many recent genera of sala- 
manders and frogs, it is frequently possible to trace out the 
relationships of the different species and plot these groupings on 
their map of distribution. The point where two or more such 
plotted groups intersect may be taken as the center of dispersal 
from which these related groups of species evolved. Such a 
center may not represent the original home of the genus but it will 
represent the point from which the species under consideration 
probably radiated. Applied to the fauna of the United States, 
the method has revealed considerable northern migration. 
This very probably followed closely after the retreat of the 
Pleistocene glaciers. 

Economic Value. — Toads being indiscriminate feeders on insect 
life are valuable aids to the farmer in keeping down insect pests. 
Frogs swarm in the paddy fields of Japan and China and are 
undoubtedly useful in destroying obnoxious insects (Okada, 
1927). Frogs and toads are active in the evening and hence 
supplement the efforts of birds in retaining the balance of nature. 

Frogs' legs form a staple article of food in various parts of the 
world. Nearly a million frogs are killed each year in the United 
States for their legs (Chamberlain, 1900). Although various 
attempts have been made to farm frogs, “no definite successful 
mode of procedure has been evolved” (Wright, 1920) and pr^ 
tioally the entire American crop is secured in the wild state. The 
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principal species hunted for their legs are Rana pipienSj R. 
caiesbeianay and R. palustris. In New \ork State the first- 
mentioned species is taken most abundantly. As much as 500 
pounds of frogs’ legs have been netted in a single night by placing 
a half mile of cheesecloth screen, supported by sticks and leading 
to receptacles, near the shore where it would intercept frogs 
migrating to hibernate. Rana pipiens is frequently hunted 
in the uplands where this species goes to feed after the breeding 
season. Adams and Hankinson (1916) suggest that a frog farm, 
to bo successful, should provide not only swamps but also 
upland feeding grounds where the frogs would be less crowded. 
No doubt the natural food in a swamp is not enough to provide 
for the large colony which gathers there during the breeding sea- 
son. If captive frogs are closely crowded they must be given 
additional food. Still, it is doubtful if frogs can be raised in 
greatt'r numbers than they are still captured in the wild state. 
As many as 150, ()()() frogs were held by one New York State 
dealer during the fall of 1915. 

Dried toads and frogs are sold in China as food or for medicinal 
purposes (Henderson, 1864). Toad skins have been used in 
Japan and elsewhere as a source of fine leather. In Japan dried 
salamanders are employed as a vermifuge (Dunn 1923). The 
axolotl is sought in Mexico as an article of food. Many super- 
stitions have been attached to frogs and salamanders. In parts 
of South China the brilliant Poh/pedates (lennijsi is worshiped by a 
cult and carried about in a chair by faithful members of this group 
(Pope, 1931). 

One of the most important aspects of frogs and salamanders is 
their martyrdom to science. Amphibian larvae afford excellent 
material for studying many problems of developmental mechanics 
and endocrinology. 'I'he frog, especially Rana pipienSy has long 
been employed in laboratories of general physiology. Frogs and 
salamanders, standing at the base of the tetrapod series, have for 
many years been employed as a type form in university instruc- 
tion in vertebrate zoology. 
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PART II 


RELATIONSHIPS AND CLASSIFICATION 

The frogs, toads, and salamanders include only some 1,900 
species and 234 living genera. It is possible to discuss the mutual 
relations of these genera without giving a full description of each 
group. On the other hand, the fossil Amphibia are based so 
frequently upon incomplete skeletal material that only the 
broader relations will be considered here. The caecilians rarely 
find their way into biological laboratories and a synopsis of the 
genera has been omitted from the following account. Those 
who have the occasion to study caecilians will find Nieden’s 
recent review (1913) of their classification useful. The bibliog- 
raphy at the close of the chapter includes the principal literature 
dealing with systematics of Amphibia. 

ORDER 1. LABYRINTHODONTIA.— The labyrinthodonts 
or stegocephalians are crocodile- or salamander-like Amphibia 
which lived from the Lower Carboniferous to the Triassic period. 
As shown by the fossils, they had a skull completely roofed over 
with bone. Many more bony elements were present in their 
skulls than occur today in modern Amphibia; especially signifi- 
cant were an extra row of four bones lying behind the parietals, 
several extra bones in the orbit, and a lower jaw consisting of at 
least eight pieces on each side. The group receives its name from 
the enlarged teeth with greatly folded dentine found in both jaws. 
Many species were aquatic, as shown by the well-marked lateral- 
line canals on the skulls, but others, such as Cacops, may have 
been terrestrial. The suborders or grades of labyrinthodonts are 
distinguished primarily by differences in the vertebrae. In all, 
the vertebrae consist of neural arches and intercentra; and in 
all except the Stereospondyli, a free, ossified pleurocentrum is 
present. The various genera in the order have recently been 
revised by Watson (1919, 1926) and Romer (1930). The classi- 
fication employed for this order is that adopted by Watson. 

Suborder l. Embolomeri. — The most primitive Amphibia 
were the Embolomeri which lived from the Lower Carbon- 
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iferous through the Permian. The centra were double, that is, 
the intercentrum and pleurocentrum formed complete rings and 
the neural arch attached to one or both of them. The occipital 
condyle was single or triple, and a well-ossified basioccipital and 
basisphenoid were present. The palate was well ossified, broad 
pterygoid bones leaving very small vacuities between them and 
the parasphonoid. The various genera in the suborder have been 
grouped into the families Anthracosauridae, Loxommidae, Pho- 
lidogasteridae, and Cricotidae. 

SUBORDER 2. Rachitomi. — The rachitomous labyrintho- 
donts lived during the Permian and Triassic periods. They 
differ from their embolomerous ancestors in that each vertebra 
consists of a half-moon-shaped intercentrum and one or two pairs 
of pleurocentra in addition to the neural arch. The occipital 



Fia. 142 . — Erynpa tm gactphal us , a rachitomous amphibian of the North Ameri- 
can Permian. Restoration based on mounted skeleton. 

condyle was triple or double and the interpterygoid vacuities 
wider than in the Embolomeri. The tabulars and dermo- 
supraoccipitals in this group form occipital flanges, not present 
in the Embolomeri. Watson (1919) recognizes the following fam- 
ilies: Eryopidae, Actinodontidae, Rhinesuchidae, Achebmidae, 
Dissorophidae, Trematqgsidae, Zatr^hydae, Arcjmgosauridae, 
Trimerorachidae, Lydekkerinidae, Micropholidae, and Dwina- 
sauridae. ^he last m^ioned, to judge from its hyoid was 
apparently a neotenous group. The best-known rachitomous 
amphibian is Eryops (Fig. 142). It attained the length of 
or 5 feet and resembled an alligator but had a shorter tail. 

SUBORDER 3. STEREOSPONDYLI The most advanced sub- 
order of labyrinthodonts lived during the Triassic period, 
differed from the preceding in having the centrum formed almos 
entirely of the intercentrum, the pleurocentra being rudimentary 
or absent. Tendencies found in the Rachitomi arc earned to an 
extreme in this group. The occipital condyle is double, the basi- 
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occipital and basisphenoid being reduced. The interpterygoid 
vacuities are increased in size and the occipital flanges are more 
extensive. Some genera such as Plagiosternum are very broad- 
headed and obviously aquatic; others resemble gavials and 
crocodiles in the form of their head. The genera are grouped 
into the families Capitosauridae, Trematosauridae, Metoposauri- 
dae, Mastodonsauridae, and Brachyopidae. 

ORDER 2, PHYLLOSPONDYLI. — The branchiosaurs and 
their allies are small, salamander-like Amphibia, found in the 
Carboniferous and Permian deposits. They were derived from 
the primitive labyrinthodonts and resemble such forms as Eryops 
closely in the number and arrangement of elements forming the 
skull roof. They are believed to be the ancestors of both the 
Salientia and Caudata, although they seem highly specialized in 
certain features of their skull and girdles. The vertebrae of the 
typical Branchiosauridae are usually described as tubular with 
the spinal cord and notochord lying in one cavity. It seems, 
however, more probable that the vertebrae were formed epi- 
chordally as in Xenopus, the neural arch never growing down 
around the notochord. In this case the centrum would be 
represented by the thick floor of each vertebral ring. This 
conclusion derived from a study of original material received 
support in the recent work of Whittard (1930). Some branchio- 
saurs appear to have such vertebrae with opisthocoelous artic- 
ulations like Xenopus. According to Bulman and Whittard 
(1926), the branchiosaurs were adapted to a life in muddy fresh 
waters and this is the normal habitat of Xenopus. The branchio- 
saurs resembled frogs in their well-marked transverse processes 
with short ribs, the cartilaginous pubis, the four fingers and 
five toes, and the general configuration of bones forming the 
palate. There were prevomers, palatines, and pterygoids, the 
latter narrow and separated by broad, interpterygoid vacuities 
from the narrow parasphenoid. A clavicle, cleithrum, and 
scapula were present but the coracoid remained cartilaginous 
as in some urodeles. Another urodele feature was the three pairs 
of external gills carried during a long larval life on broad gill 
arches well provided with “rakers” which may have been bony. 
The skull roof had a separate quadratojugal, as in frogs, and a 
lacrimal, as in some salamanders, for it had not undergone the 
loss of elements necessary to convert the skull into that of a 
modern amphibian. Although branchiosaurs lost their gills in 
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adult life, no extensive reorganization of the skull occurred at the 
time of this metamorphosis. The occiput was more cartilaginous 
than in frogs or salamanders. Both exoccipitals and opisthotics 
were present (Whittard, 1930), however, but not so extensive as 
in modern species. 

Frogs and salamanders may not have sprung from branchio- 
saurs but from Phyllospondyli closely related to the Branchio- 
sauridae. Other families which have been placed in this order 
are the Peliontidae, Colosteidae, Stegopidae, and Acanthostoma- 
tidae. The first of these families is intermediate between laby- 
rinthodonts and typical branchiosaurs. Labyrinthodont teeth 
are present, also an ectopterygoid. The pterygoid articulated 
with the anterior margin of the basisphenoid region as in primi- 
tive labyrinthodonts, whereas in later branchiosaurs it attached 
more posteriorly and dorsally, as in frogs. Rorner (1930) refers 
some vertebrae to the Colosteidae which were perichordal with a 
transverse process springing from the neural arch as in frogs. 
Possibly the epichordal and the perichordal types of vertebrae 
were already established in the phyllospondyl ancestors of the 
Salientia. It is noteworthy that although the epichordal type 
of vertebrae characterizes many primitive Salientia, the most 
primitive group of Salientia, the Liopelmidae, apparently retains 
the perichordal type. 

ORDER 3. LEPOSPONDYLL— The small Carboniferous 
and Permian Amphibia, which are neither labyrinthodonts nor 
Phyllospondyli, may be grouped together in a single order, 
although they include several very distinct evolutionary lines. 
Most lepospondyls have vertebrae composed of a single piece, 
the neural arch being continuous with the centrum which is well 
ossified, greatly constricting the chorda. Most lepospondyls 
have the ribs articulating with the column intervertebrally, and 
this has been considered one of the principal characters separating 
lepospondyls from phyllospondyls and their apparent derivatives, 
the Salientia and Caudata. In some lepospondyls there is a 
secondary shift of the rib to the side of the vertebra. These 
lepospondyls are nevertheless readily distinguished from typical 
Branchiosauridae by their cylindrical centra. 

Suborder 1. AdelOSPONDYLI. — In this recently defined 
group (Watson, 1926a) the neural arch is joined by suture to a 
centrum which has a distinctive form, a pair of depressions 
penetrating the ventrolateral surface of each vertebra. The 
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most advanced member of the suborder is Lysorophus of the Lower 
Permian of North America, now known in some detail, thanks to 
the investigations of Sollas (1920). This genus is frequently 
referred to as a “Permian urodele,“ although it retains too many 
labyrinthodont characters to be considered a near relative of the 
Caudata. 

Suborder 2. AistOPODA. — Among the Carboniferous lepos- 
pondyls were several genera of legless, long-bodied Amphibia 
which are grouped here as a distinct suborder. They possessed 
elongate skulls, distinctive transverse processes, and peculiar 
ribs. They were the sirens and amphiumas of the Carboniferous 
swamps; and even at this early time leg reduction had been car- 
ried to completion in this one group. 

Suborder 3. NecTRIDIA. — The skull structure of the more 
primitive genera of Nectridia was close to the embolomerous plan. 



Fio. 143. — Head of CarcHin lentaculaia. 

Zygosphene-zygantrum articulations were present on the rather 
elongate neural arches. In the more advanced types as repre- 
sented by Diplocaulus, the posterior angles of the head are pulled 
out to form a peculiar, triangular-shaped head. In spite of this 
specialization, Diplocaulus possessed many primitive features 
such as a separate coracoid (Douthitt, 1917) and possibly a fifth 
finger. All other Amphibia except certain Embolomeri have 
lost the outer finger, and hence the retention of this structure in 
one suborder of lepospondyls is of interest. 

Suborder 4. Gastrocentrophori.— T he salamander or 

Amphiuma-like lepospondyls of the families Microbrachidae, 
Hylonomidae, Limnerpetontidae may be grouped together 
following the lead of Abel (1919), although their relation to each 
other and to the other suborders is not well defined. 

ORDER 4. GYMNOPHIONA. — The Gymnophiona or cae- 
cilians are limbless, long-bodied Amphibia, living today and 
having no fossil representatives. They resemble large earth- 
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worms, for their bodies are usually provided with a series of trans- 
verse grooves. Within these folds are found in many genera a 
series of small scales. These are unquestionably an inheritance 
from the Carboniferous Amphibia. Other primitive features 
are a postfrontal (Ichthyophis), an^ctopterygoid (Hypogeophis), 
and many features of the gill clefts, hyobranchial apparatus, and 
viscera recorded in the above chapters. Although the caecilians 
are highly modified for a burrowing life, they retain many very 



Fiq. 144. — Everted intromittent organ of the male Seolecomorphua 


xtluguruensis. 


primitive features, and it seems certain that they originated from 
some other group of fossil Amphibia than did the frogs and 
salamanders; presumably they arose from lepospondyls. Among 
the distinctive features of the caecilians is the protrusible ten- 
tacle (Fig. 143) which is found on tEe side of the face between 
nostril and eye of all the species7 Their lidless eyes are usually 
indistinct and frequently hidden under the bones ’of the skull. 
The males are provided with a protrusible copulatory organ (Fig. 
144). One character they possess in common with the frogs is 
their short tail, the vent being nearly terminal. 
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Ni eden ( 1913) recognizes 19 genera and 55 species of caecilians 
all belonging to a single family. The more primitive genera such 
as Ichthyophis and Rhinatrema possess scales and have the 
greatest number of skull elements, while the more specialized 
genera have lost the scales and exhibit various fusions of the 
skull elements. One genus, Typhlonectes, is aquatic and has _ 
developed a flattened tail. This genus gives birth to its young 
alive, while the more primitive genera, such as Ichthyophis and 
Rhinatrema, lay large-yolked eggs on land. There may or may 
not be an aquatic larval life according to tlie genus (see Chap. 
III). The Gymnophiona are found throughout the tropics but 
are absent from Madagascar. They are seldom seen owing to 
their burrowing habits. 

ORDER 5. CAUDATA. — The salamanders and newts form a 
natural group of Amphibia derived from the Phyllospondyli. 
They retain many of the characters of their ancestors but have 
suffered numerous losses of both cranial and pectoral-girdle 
elements (see page 215). All urodeles possess tails, and their 
larvae, if aquatic, resemble their parents closely, having among 
other features teeth in both jaws. Thus, neither the adult nor 
larval urodeles can be confused with frogs, the Salientia, which 
apparently arose from the same stock. The adult Salientia 
early specialized for leaping and lost their tails. The larvae, 
if aquatic, are usually of the polliwog type, or at least never 
possess true teeth until metamorphosis. 

The name “Caudata” is used today for the order by sys- 
tematists. In the herpetological literature there are found other 
names for the same group: “Batrachia Gradientia," Urodela,’' 

“ Saurabatrachia,” etc. The history of the early classifications 
and the origin of many of these names have been given by Gadow 
(1901) and Hoffman (1873 to 1878). 

The Caudata are divided into five natural groups or suborders. 
The first three: Cryptobranchoidea, Ambystomoidea, and Sala- 
mandroidea, converge toward a common ancestor; but the 
ancestral stocks of the other two, Proteida and Meantes, are 
uncertain. The systematic position of Hylaeobatrachus from 
the Wealden formation of Belgium is unknown. It possessed 
branchial arches and was obviously of a larval type. Some 
authors place this oldest known urodele in a separate family. 

Suborder l. Cryptobranchoidea. — T he most primitive 

Caudata retain a more generalized skeleton than the other uro- 
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deles. The angular is free, not fused with the prearticular, as in 
the other suborders. The second epibranchial is retained in 
the metamorphosed adult. The spine of the premaxillary is 
short, not separating the nasals. Certain features of the mus- 
culature are apparently distinctive. The pubotibialis and the 
puboischiotibialis of the thigh are fused. Fertilization in the 
Cryptobranchoidea is external, the cloacal gland complex which 
forms the spermatophores of most higher urodeles being reduced 
and including only one type of gland. The eggs are always laid 
in gelatinous sacs, whether these be short as in the Hynobiidae 
or pulled out into two long strings as in the Cryptobranchidae. 
The suborder includes only two families, the Hynobiidae, con- 
fined to the eastern Asiatic region, and the Cryptobranchidae, 
found in eastern Asia (including Japan) and the eastern United 
States. 

Family 1. Hynobiidae. — The Asiatic land salamanders, often 
referred to the Ambystomidae, differ from the latter in retaining 
the primitive characters listed above. They represent a very 
uniform group both anatomically and in life history. The 
family includes five genera. Only one of these, Hynobius, has 
an extensive distribution. It ranges from the Urals to Kam- 
chatka, Sakhalin, and Islands of Japan and from northern Siberia 
to Turkestan and Hupeh. The other four genera occupy very 
limited ranges in different parts of the range of Hynobius. They 
have apparently arisen directly from some species of Hynobius, 
which occur very near their respective ranges. The derived 
genera have undergone a number of parallel modifications. This 
is, perhaps, the usual mode of generic evolution in the Amphibia. 

A widespread stock gives rise to a number of local variants which 
differ from the original stock in features which the systematist 
considers of generic value. Similar generic characters have 
sometimes appeared independently in the divergent branches of 
the original stock. In the Salientia, the numerous cases of 
parallel evolution are particularly conspicuous (see page 88). 

Pachypalaminus is known from only one species taken from a 
single locality — Odaigahara Mountain, Yamato, Hondo, Japan. 

It agrees closely with Hynobius vandenhurghi of the same general 
region but differs in having a horny covering to the palms, soles, 
and tips of digits. Further, its premaxillary fontanelle is larger. 
Batrachuperus, known from two species, is restricted to Szechuan 
and to the Thibetan province of Kham. It has redeveloped the 
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horny pads on the feet found in Pachypalaminus and in addition 
has weakened its prevomers in such a way that the vomerine 
teeth are restricted to two small widely separated patches, 
instead of forming the V-shaped series found in Hynobius and 
Pachypalaminus. Ranodon, which includes only one species, 
sibiricuSj is known only from eastern Semiryechensk and western 
Chinese Turkestan but possibly has a greater range. It retains 
the unmodified feet of Hynobius but has two vomerine teeth 
patches separated as in Batrachuperus. It is a moiintain-brook 
species and has its lungs partly reduced. In an adult 210 mm. 
long these were only 22 mni. in length. The last genus, Onycho- 
dactylus, is the most specialized. It ranges from Khabarovka, 
Maritime Government, and Wonsan, Korea, to Hondo and 
Shikoku. It includes two closely related species, japonicus 
and fischeri. These are lungless, like some brook species of 
other families. Japonicus is known to frequent mountain 
streams, secreting itself under rocks near the water very much as 
in the case of the American Dusky Salamander, Desmognathus 
fuscus. The vomerine teeth are in a nearly transverse and 
continuous series across the palate. The premaxillary fontanelle 
is large and the tail, long and nearly cylindrical. The larvae of 
Onychodactylus arc distinctive, especially in the broad fins on 
their limbs (Fig. 53). The digit tips are provided with sharp 
recurved claws which are sometimes retained in the adults. 
Similar but much smaller claws are found in the larvae of some 
species of Hynobius, as, for example, in peropus. The gills of the 
larvae have very short rami in correlation with the current in 
which they live. 

The functional significance of the few characters which dis- 
tinguish the genera of Hynobiidae is not clear. Dunn sees in 
them adaptations toward a more aquatic life. The habits of 
only two genera, Onychodactylus and Ranodon, are known. 
These genera frequent mountain brooks but nevertheless lack the 
horny pads of the other two genera. The reduction of the 
prevomers occurs in terrestrial as well as in aquatic species of 
other families. Thus the only characters which can be labeled 
as closely correlated with a specific environment are the reduction 
of the lungs and certain features of the larvae (short gills, etc.). 

It is not only difficult to pick out any highly adaptive characters 
in the Hynobiidae, but certain genera exhibit marked differences 
which almost surely have no adaptive significance. Perhaps the 
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most striking of these is the loss of the fifth toe. In Batrachu- 
perus this digit is lacking and also in Hynobius keyserlingii, which 
is frequently placed in a distinct genus, Salamandrella. The 
digit is usually absent in Hynobius kimurai and may occasionally 
be missing or absent in other species of Hynobius. In other 
families of urodeles the same toe may be lost, and in these its 
presence or absence is considered a generic character. But in the 
Hynobiidae the toe is so variable in length and its occurrence so 
haphazard that the species of Hynobius lacking it cannot be 
considered a natural group. Nor is it possible at the present 
time to imagine any reasonable functional excuse for its absence 
in Batrachuperus. 

Family 2. Cryptobranchidae. — The two genera of giant 
salamanders which form this family are both semilarval, that is, 
incompletely metamorphosed types (Fig. 145) directly evolved 
from the hynobiids and exhibiting all the primitive features of the 
suborder. Megalobatrachus, found in China and Japan, is less 
larval than Cryptobranchus, the Hellbender, of eastern United 
States. Gills are lacking in both, but in the adult Mcgalobatra- 
chus the spiracle is closed and only two epibranchials are usually 
retained on the essentially larval hyoid. In Cryptobranchus 
(Fig. 146) the spiracle remains open, as an outlet for water taken 
into the mouth during aquatic buccal respiration, and four 
epibranchials are retained. The eyes of both genera are devoid 
of eyelids, as is the case in the larvae of all urodeles. Aside 
from their giant size and semilarval habitus, the cryptobranchids 
may be distinguished from their hynobiid ancestors by various 
larval characters of the skull and hyoid, such as the parallel 
arrangement of maxillary and prevomerine teeth. The skeleton 
has, however, undergone certain specializations of its own. The 
whole skeleton is greatly flattened, especially the skull. The 
lacrimal and septomaxillary bones have been lost. The crypto- 
branchids are completely aquatic animals, and, as they have no 
gills when adult, the skin (including the epidermis) has become 

greatly vascularized. 

Megalobatrachus embraces only a single species, japomeuSy 
known from China and Japan. Cryptobranchus also includes 
only one species. This is widely distributed over eastern United 
States from the Great Lakes to Georgia and Louisiana. It is 
abundant only in the rivers which flow from the Allegheny hig 
land. Megalobatrachus is known as a fossil from the Miocene 
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of Europe. The closely allied, if not identical, Andrias has been 
found in the Miocene and Upper Oligocene of the same region. 
A fossil cryptobranchid, Plicognathus, has been described from 
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Fio. 145. — Diagram illustrating the phylogeny of the urodeles. The heavy 
black arrows indicate the phylogenetic relations. The narrow, horizontal arrows 
represent the ontogeny of the various families. The degree of metamorphosis of 
the hyobranchial apparatus is employed as the chief criterion of metamorphosis 
in this diagram. The “permanent larvae" are not closely related but have been 
derived from different groups. 


the Lower Pliocene of Nebraska. Hence the family at one time 
must have had much greater distribution than now. The crypto- 
branchids are river salamanders, japonicus usually frequenting 
smaller streams than alleganiensis. 
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Fio. 146. — Permanent larvae: the perennibranch and derotreme salamanders. 
A. Typhlomolge ralhhuni. B. Amphiuma means. C. Necturus maculosus. D. 
Siren lacertina. E. Cryptohranchus alleganienais. 
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SUBORDER 2. AMBYSTOMOIDEA.— The salamanders of the 
family Ambystomidae are placed in a distinct suborder, although 
they have apparently arisen from hynobiids or from prohynobiids. 



Fig. 147, — Some common species of Ambystoma; A. Ambyatoma maculatum. 
B. Ambyatoma jejfersonianurn. C. Ambystoma tigrinum. D. Ambystoma opa- 
cum. E. Ambystoma texanum. 


They possess in common with the Salamandroidea certain ad- 
vanced characters such as the fusion of angular to the prearticu- 
lar, the loss of the second epibranchial, and the elongation and 
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approach of the premaxillary spines. Fertilization is internal, 
and three sets of glands surround the cloaca of the male. The 
Ambystomoidea are distinguished from the Salamandroidea by 
their short prevomers without posterior processes extending over 
the parasphenoid region. The vertebrae are amphicoelous in 
the Ambystomidae and opisthocoelous in the Salamandridae and 
some other Salamandroidea. The skull agrees with that of the 
Hynobiidae and differs from that of the primitive salamandroids 
in lacking a frontosquamosal arch and in retaining, in two genera, 
the lacrimal. The hyoid is peculiar in possessing a cartilaginous 
cross-bar between the posterior cornua in a large percentage of 
the species. The body muscles as far as known are primitive, a 



Fio. 148 . — Dicamptodon ensaius, a large terrestrial salamander of the west coast 

of the United States. 


rectus abdominis superficialis but no rectus abdominis profundus 
being present. 

Family 1. Ambystomidae. — The three American genera 
Ambystoma, Dicamptodon, and Rhyacotriton comprise the 
family Ambystomidae, which is the only one in the suborder. 
Ambystoma incl ude s species widely scattered _over North 
America from southern Alaska to Mexico. The species are all 
much alike in form but differ remarkably in color pattern (Fig. 
147). They usually lay their eggs in the water, although the 
Marbled Salamander, A. opacum^ deposits them on land in the fall. 
The larvae, however, are very similar (see page 51) and, being 
equipped with broad body and tail fins, are adapted to pond life. 

Dicamptodon and Rhyacotriton are both western salamanders. 
The latter is ^parently restricted to the Olympic Mountains, 
Washington, while the former ranges from southern British 
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Columbia to Southern California. The region they occupy is a 
humid coastal belt with moist atmosphere and soil. Both genera 
are represented by single species which can be distinguished 
from any species of Ambystoma on external characters. Dicamp- 
todon is the largest land salamander in the world, attaining a 
length of 271 mm. It is heavily marked with blackish brown 
(Fig. 148). Rhyacotriton is apparently a dwarf derivative of 
Dicamptodon. It is uniform brown above except for a few 
white specks. Both genera differ from Ambystoma in possessing 
lacrimals. Rhyacotriton differs from Dicamptodon in lacking 
nasals. It is a mountain-stream form and has its lungs reduced 
to mere vestiges which, although only 5 or 7 mm. long, retain a 
circulation and are filled with air. The larvae of Rhyacotriton 
and Dicamptodon differ from the Ambystoma species in lacking 
a body fin, in having short bushy gills, and in being in other 
ways adapted to mountain-stream life (see page 49). 

SUBORDER 3. SalAMANDROIDEA.— Any metamorphosed uro- 
dele having teeth on the roof of the palate well behind the internal 
nares is referable to the Salamandroidea. The prevomers of 
the three families in this suborder are either extended back as 
two dentigerous processes on each side of the parasphenoid or 
split off as one or two groups of teeth patches lying directly on the 
latter bone. The Salamandroidea is an extremely varied group 
including such aquatic forms as the newt and Amphiuma and 
such terrestrial types as the plethodons. It has the widest dis- 
tribution of any suborder and seems to have arisen independently 
from prohynobiid ancestors not living today. Fertilization is 
internal, as in the Ambystomoidea, and three sets of glands 
surround the cloaca of the male; if one is absent it is the outer- 
most, the abdominal gland. 

Family 1. Salamandridae. — The European Salamandra and 
the holarctic newts are grouped together with some less known 
forms in the present family. The prevomerine teeth of the group 
are distinctive, being carried back as a long, sometimes S-shaped, 
row on each side of the parasphenoid. The vertebrae of the 
salamandrids are opisthocoelous, while with a few exceptions 
those of the genera in the other families of the suborder are 
amphicoelous. The primitive salamandrids are large, mostly 
rough-skinned newts, having a frontosquamosal arch (Fig. 149), 
four-pronged basihyals, high neural spines, and long ribs with 
uncinate processes. The more specialized newts have lost the 
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arches and reduced the hyoid and ribs. The newts lack the 
stylus to the columella, while Salamandra and Chioglossa retain 
it fused to the periotic. The newts are frequently separated 
from the other salamandrids as a distinct family, the Pleurode- 
lidae. Since these other genera were apparently derived from 
the primitive salamandrids, this arrangement has little in its 
favor. Newts retain a primitive body musculature (a rectus 
abdominis superficialis, but no profundus), while Salamandra is 
specialized in lacking the ohliquus internus and in possessing both 
rectus muscles. Salamandra is more terrestrial than the newts. 

The Salamandridae are Eurasian, except for the American 
newts, Triturus. The most primitive salamandrid is Tyloto- 



Fig. 149. — Dorsal aspect of the skull of Tylototriton verrucosus showing the 
fronto-squamosal arch which characterizes the primitive salamandrids. 


triton, represented by two species: verrucosus in Yunnan and the 
eastern Himalayas and andersoni of Okinawa Island in the Loo- 
choo Archipelago. These are rough-skinned newts, apparently 
rather terrestrial in habits. They retain a primitive skull pattern 
and the maxillaries extend posteriorly to the squamosals (to 
which is apparently fused the quadratojugals). The cartilag- 
inous pterygoid of each side is fused to the maxillary, and the 
bony pterygoid nearly reaches the same element. A broad 
frontosquamosal arch is present and a secondary deposit of bone 
is found on various skull elements and on the neural spines. 
Pachytriton is apparently a smooth-skinned, aquatic derivative 
of Tylototriton. It is known from one species restricted to a 
small region in southeastern China, Its bony pterygoids are 
broadly attached to the maxillaries, while the latter are broadly 
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separated from the sqiuimosals. The frontosquamosal arch 
of each side is entire but ver}^ narrow. The typical newts, Tri- 
turus, Pleurodelcs, and Euproctus, have apparently been 
derived from the same stock as Pachytriton. Some forms (Fig. 
150) such as Pleurodeles waltl are rough skinned and resemble 
Tylototriton closely. They have specialized, however, in a 
reduction of the maxillary and pterygoid elements, a reduction 
which is carried farther in the Plethodontidae. In Triturus the 
bony pterygoid is small and does not reach the maxillary, and the 
latter is short, not reaching the squamosal. In all species of 
the genus except T. the frontosquamosal arch is either 

present or represented by a tough ligament. 1 riturus, if assumed 




Fig. l.'iO. — European salamanclrids: 


A. Euproctus asper. 


B. Pleurodeles waltl. 


to include Pleurodeles and Euproctus, embraces about 24 species 
and numerous subspecies. These are scattered over eastern 
Asia and Japan, North Africa, Europe, and North America. The 
greater number and diversity of species are found in Europe. 
Four species are found in North America. The western T. 
iorosus is a rough-skinned form and may have been derived from 
Asiatic species. It is sometimes united with these species in a 
separate genus, Notophthalmus. The eastern T. viridescens and 
T. doj'salis and the southern T. meridionalis seem most closely 
related to the European species. 

The Italian Salamandrina is merely a European newt lacking 
the fifth toe. As emphasized above, this loss has occurred 
independently in many different groups of urodeles. Sala- 
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mandrina includes only a single species, terdigitata. It is a dark, 
rough-skinned form with a yellowish or pinkish mark between 
the eyes and a brightly marked under surface washed with 
salmon or carmine posteriorly. 

The smooth-skinned Salamandra and Chioglossa are perhaps 
the most terrestrial salamandrids, although the latter genus often 
frequents the edges of streams and escapes into the water when 
disturbed. They agree with the typical newts in their reduced 
pterygoids and maxillaries. They differ from most newts in 
lacking the frontosquamosal arch and the pronounced neural 
spines. Both Salamandra and Chioglossa may be distinguished 
on external characters. Salamandra includes four species scat^ 
tered over Europe as far east as the Caucasus. They all have 
squarish heads and some indication of the paratoid glands which 
are so characteristic of the common European Salamandra sala- 
mandra. Chioglossa includes a single slim-bodied species, 
lusitanicay inhabiting Spain and Portugal. Its most distinctive 
feature is a long protractile tongue free on all sides except for a 
median partition in front. 

Fossil salamandrids have been found in the Oligocene, Miocene, 
and more recent formations of Europe. Most of these fossils 
are too fragmentary to establish definitely their relationship with 
living genera. Tylototriton, living today in southeastern Asia 
and one of the Loo-choo Islands, has been recently discovered 
in the Miocene of Switzerland. Possibly the fossil described as 
Heliarchon was the larva of some species of Tylototriton. Chelo- 
triton, Heteroclitotriton, and Megalotriton may be related to the 
same genus, while Polysemia has more resemblance to Triturus. 
The latter genus has been reported from the Miocene and later 
formations of Europe. Although the mutual relationships of 
these genera are not known, it is certain that salamandrids were 
existing in Europe by at least the Oligocene. It is, therefore, 
not surprising that Europe is apparently the center of salamandrid 
specialization. 

Family 2. Amphiumidae. — The large “Congo Eel” or “Con- 
ger,” Amphiuma, of southeastern United States is a semilarval 
type (Fig. 146) derived from the salamandrids and agreeing with 
them in most important characters. It possesses lungs, a bony 
pterygoid, a posterior process from each prevomer. The pre- 
maxillary spines are elongated to separate the nasals, and a 
nasolabial groove is lacking. It parallels the plethodontids in 
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the loss of the j^psiloid apparatus and the fusion of columella and 
operculum, the latter remaining attached by a narrow isthmus to 
the periotic. It has retained a number of larval characters such 
as the lidless eyes, the parallel arrangement of maxillary and 
vomerine teeth, the four branchial arches, and the amphicoelous 
vertebrae. These larval features have led to a misunderstanding 
of its true relationships, for in most texts Amphiuma is grouped 
in the same family with Cryptobranchus. Both genera are 
partly metamorphosed aquatic types, but they have arisen from 
very different stocks and have no close affinity. Amphiuma is 
readily distinguished from the latter by its elongated and rounded, 
not flattened, body, its salamandroid skull, and its distinctive 
hyoid. The first ceratobranchial and epibranchial are not 
separated and the second ceratobranchial is absent. Amphiuma 
includes two species, both inhabiting southeastern United States 
as far west as Louisiana and Missouri. 

Family 3. Plethodontidae. — The majority of American uro- 
deles are included in the family Plethodontidae. These may be 
brook dwelling or terrestrial. The family apparently arose in 
America from a salamandrid stock. One genus succeeded in 
extending southward to southern South America and another 
invaded Europe, where it is represented by two species in the 
Mediterranean region. The plethodontids are more specialized 
than the salamandrids in their vomerine teeth which are carried 
back by processes during ontogeny to lie over the parasphenoid, 
as either one or two dentigerous patches. The pterygoid either 
fails to ossify, remaining entirely cartilaginous throughout life, 
or is represented by a small bony nodule. The Plethodontidae 
embrace a very natural series of genera. They are all lungless 
and possess a nasolabial groove to assist in freeing the nostril 
from water. The latter character serves alone to distinguish any 
plethodontid, but without a hand lens the fine groove from nostril 
to lip is sometimes difficult to see. Correlated with a loss of 
lungs, the ypsiloid apparatus is reduced or absent. The otic 
apparatus seems at first distinctive, for the columella and oper- 
culum are fused into a single plate (with or without a style) which 
is attached by a narrow cartilaginous isthmus to the periotic. It 
IS, however, probably derived from the type of otic apparatus 
found in the larval salamandrid. The body musculature of the 

plethodontids is specialized, resembling that of the terrestrial 
salamandrid, Salamandra. 
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Fio. 151. — Plethodontid ealamanders: A. Hydromanten itcdicus. B. Aneides 
luguhris. C. Batrachosepa attenualus. D. Eurycealncifuga. E. Desmognatkus 
quadra-maculatus. F. Typhlotriton spelaeus. G. Gyrinophilus porphyritictis. 
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The evolution of the Plethodontidae has been studied most 
critically by Dunn (1926), who has no doubt sketched correctly 
the main outlines of the phylogony of this dominant group of 
American salamanders. There are, however, a number of 
obscure points in the relationships of the various genera and the 
conclusions reached here are not always those accepted by Dunn. 

The most primitive genera are Gyrinophilus (Fig. 151) and 
Pseudotriton. They are comparatively large mountain-brook or 
spring salamanders (4 to 7 inches long), reddish, pink, or salmon 
in color, suffused or spotted with a darker tone. They are con- 
fined to eastern United States and are the only reddish sala- 
manders in this region save the land form of the water newt. 
The latter is small, terrestrial, bright vermillion or olive in color, 
and has a rough skin. Pseudotriton may be distinguished from 
Gyrinophilus by its usually redder skin, rounder face (the canthus 
rostralis lacking), and fused premaxillaries. P. ruber is the com- 
mon, red stream salamander of the Appalachians from New 
York to the C'arolinas. 


Furycea, which is represented by eight species in eastern United 
States, is very closely allied to Pseudotriton. It has the free 
mushroom tongue of that genus and the complete set of pletho- 
dontid skull elements. It is less specialized, however, than 
(gyrinophilus in a number of features. Its nasals do not overlap 
the premaxillary spines as in that genus, and its periotics and 
squamosals are not raised into sharp crests. If we are to assume 
that kmrycea was derived directly from Pseudotriton we must 
postulate a despc'cialization in phylogeny, a reversal of evolution. 
1 his IS not difficult where the derived structure is a more juvenile 
condition, for a mere slowing up of the growth processes would 
give the desired result (see page 100). It is probable, however, 
diat Eurycea was not directly derived from Pseudotriton but 
from some more thoroughly mountain-brook type, for it is less 
specialized in certain features not only of its skull but also of its 
anatomy, as, for example, its skin vascularization (Noble, 1925). 

Manculus is a dwarf form of Eurycea ranging from the Caro- 
linas to Texas. In color and body form it is almost identical with 
the juvenile Eurycea bislineata cirrigera of part of this region. 
It differs chiefly in the loss of the fifth (outer) toe. Manculus is 
apparently more terrestrial than most races of Eurycea bislineata. 

1 hree highly specialized genera of plethodontids are of uncer- 
tain affinities, but they apparently diverged from the more 
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generalized plethodontid stock represented today by the four 
genera just discussed. Stereochilus of the coastal plains of the 
Carolinas, Virginia, and Georgia is an aquatic form which retains 
the lateral-line organs on the head throughout life. These give 
the head a pitted appearance. Stereochilus is primitive (or 
juvenile) in retaining the parasphenoid teeth patches continuous 
with the vomerine series. It is specialized in having the pre- 
maxillary spines almost completely fused together (an aquatic 
adaptation correlated with the reduction of the premaxillary 
gland). Stereochilus is a small, drab-colored urodele easily 
recognized by its pitted head. Typhlotriton of the caves of 
Missouri and Arkansas has specialized in another direction. It 
is a blind salamander when adult and the only blind urodele which 
metamorphoses. The skin is only slightly pigmented, and the 
lids, which are visible in the adult, are drawn together (Fig. 151F). 
Typhlotriton agrees with Gyrinophilus and Stereochilus in its 
continuous vomero-parasphenoid series of teeth. Typhlomolge 
of the caves of Texas is a permanent larva which is completely 
blind (unlike the larvae of other blind salamanders). It is 
specialized in a nearly complete loss of skin pigment and in an 
elongation of its slim legs (Fig. 146). It was possibly derived 
from Typhlotriton, for it agrees closely with the larva of Eurycea 
and other primitive plethodontids. Stereochilus, Typhlotriton, 
and Typhlomolge are each known from only a single species 
which, because of its peculiar habits and habitat requirements, 
is very local. 

A second group of genera, apparently derived from Eurycea or 
its allies but not showing in their anatomy a very close relation- 
ship to them, is formed by the dusky salamanders, Desmogna- 
thus and Leurognathus. The first of these two genera includes 
the commonest salamanders of eastern United States. They 
both have the tongue attached in front. Dunn considers this a 
primitive character, but as the late larva of Eurycea has an 
attached tongue it might equally well be considered a juvenile 
character. Desmognathus and Leurognathus are unquestionably 
specialized in the lost (or fused) prefrontals and in the modified 
occipital condyles, atlas, and temporal muscles which function 
in preventing the lower jaw from opening more than a third the 
usual gape (see above, page 264), the remainder of the opening 
being accomplished by raising the skull on the atlas. Leurogna 
thus has been derived directly from Desmognathus quadramaculor 
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tus. It agrees very closely with this species in color pattern and 
form, but its head appears a trifle more depressed. An examina- 
tion of its skull, however, reveals that a number of pronounced 
internal changes have occurred. The vomerine teeth are reduced 
or lost. The skull is flattened and the internal nares shifted 
laterally (Fig. 44). The premaxillary fontanelle is closed. The 
functional significance of the loss of teeth and flattening of the 
skull is not clear, but the reduction of the pre- 
maxillary fontanelle is probably correlated with 
a degeneration of the premaxillary gland, which 
could be of little use to aquatic forms, as they 
have no need of moistening their tongue with 
a sticky secretion. Leurognathus embraces two 
races confined to North Carolina, where Des- 
mognathus quadramaculatus is most abundant. 

It is more aquatic than any species of Des- 
mognathus. The latter genus includes seven 
forms extending from eastern Canada to Kan- 
sas. Most frequent the vicinity of mountain 
streams, but the small D. fuscus carolinensis 
and D.f. ochrophaeus have rounder tails and are 
more terrestrial than the others. The larvae 
(Fig. 152) may be distinguished from those of 
Eurycea in the same streams by their shorter, 
brushlike gills. 

A third group of Plethodontidae includes 
Plethodon and its close allies. These are all 
terrestrial species, laying their eggs on land and, 
except for one genus, passing their entire life away 
from the water. Plethodon seems to be the cen- 
tral group of this series. It has free premaxillae 
and a tongue attached in front but is otherwise essentially like 
Eurycea. Plethodon includes 11 species distributed over almost 
the entire United States and southern Canada. Hemidactylium, 
the four-toed salamander of the eastern United States, is a 
dwarf form of Plethodon which parallels to a certain extent Man- 
culus, the dwarf form of Eurycea. Its outer toe has been lost. It 
also differs from Plethodon in the basal constriction of the tail, a 
provision for quick autotomy, Hemidactylium scutaiumj the 
only species in the genus, may be readily distinguished from any 
species of Plethodon by its pale ventral surface spotted with 



Fig. 152. — a 
larva of Desmogna- 
thus phoca showing 
the brush-like gills 
characteristic of the 
genus. 
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large, black blotches. Hemidactylium ranges as far south as the 
Gulf states and as far west as Michigan and Arkansas. 

Batrachoseps, the Worm Salamander, has been derived from 
Plethodon in the west and, like Hemidactylium, has lost the 
outer toe. It is much more specialized than that genus in its 
elongate body (Fig, 151, C). Its premaxillae are fused and it 
has lost the prefrontals. Ensatina is another western derivative 
of Plethodon and differs from this genus only in having a basal 
constriction of the tail and in possessing certain tubercles on the 
palm. Aneides, the last genus in this group, may have arisen 
from Plethodon in the east, for its least specialized species is 
found in West Virginia, Tennessee, and the Carolinas. Aneides 
is the most specialized of all these genera in its fused premaxillary 
spines, elongated maxillary and mandibular teeth, and bent 
maxillary bone free of teeth posteriorly. It also has Y-shaped 
terminal phalanges unlike any of the other genera in the group. 

The last group of genera in the family is characterized, as far 
as known, by ovoviviparity. Dunn (1926, page 31) assumes that 
the genera arose from some terrestrial stock but makes no attempt 
to trace their ancestry among the known terrestrial plethodontids. 
Hydromantes seems closely related to Oedipus, as evinced by 
partly webbed digits (Fig. 151, A), the large nostrils in the young, 
the color pattern, and the weakening of the premaxillary spines. 
Some species of Oedipus have lost the prefrontals and septomaxil- 
las, as in Hydromantes, and a few species have a non-constricted 
tail, as in that genus. Both Oedipus and Hydromantes have 
boletoid tongues and long epibranchials to support a long tongue. 
Lastly they are the only plethodontid genera with different species 
in two continents, which speaks well for their traveling ability. 
The only character which separates Hydromantes from all 
species of Oedipus is its unfused premaxillaries. In view of the 
known variability of this bone in a related genus (Eurycea), it 
does not seem necessary to hypothecate a separate ancestry for 
Hydromantes. 

Oedipus includes 30 or more species spread over the neotropics. 
Except for three ambystomas in Mexico, the genus includes all 
the neotropical urodeles. Some species have broad, padlike feet 
with the digits hardly visible. Other species, usually referred to 
Oedipina, have very long bodies and short legs. This is a modi- 
fication parallel to that of Batrachoseps and suggests common 
ancestry of the genera. Hydromantes is known from only three 
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species: one the rare Yosemite Salamander, //. platycephalus, 
and the other two commonly combined under the name, Spelerpes 
fuscus. This name embraces two closely related forms: H. genet 
of Sardinia and H, italicus of the French Alps and part of Italy. 

It has been assumed on the basis of life history that Oedipus 
and Hydromantes have arisen from Plethodon. The chief objec- 
tion to this view is the occurrence of a free boletoid tongue in 
these genera and an attached tongue in Plethodon. It should 
also be considered that Plethodon has a broad distribution, while 
Eurycea, with which Oedipus agrees most closely in adult struc- 
ture, has a restricted range in eastern United States. Thus, in 
reaching a conclusion in regard to the probable ancestry of 
Oedipus, we must weigh all its obvious terrestrial characters 
against its boletoid tongue. With the available data no final 

conclusion can be reached at this time. 

SUBORDER 4. Proteida.— The ]\Iud Puppy, Necturus, and 

the European Blind Salamander, Proteus, form a natural gioup 
of permanently larval salamanders of unknown ancestry. They 
are placed in a distinct suborder, as their relationship to any of 
the other primary groups of urodeles is uncertain. I hey have 
no relationship to Spelerpes or to the Plethodontidae, as some- 
times stated. Lungs are present but the ypsiloid apparatus is 
absent. They are, therefore, bottom wailkers. Ihe pubois- 
chium is distinctive. It is large and pointed anteriorly. Colu- 
mella and operculum are fused together and are free from the 
periotic. The more obvious characters of the Proteida are all 
larval features found in the larvae of other families. The skull is 
largely cartilaginous, the maxillae are absent. Palatines and 
pterygoids form a continuous series. Eyelids are lacking, and 
long external gills are retained. The branchial apparatus is 
larval, but the fourth branchial arch is lost. Ihe body muscles 
are larval in that the rectus abdominis is lacking. The Proteida 
may have originated from some salamandroid, for they possess 
the usual cloacal glands of that group and practice internal 
fertilization. Further the premaxillary spines are long in both 
genera, and the angular and prearticular are fused. 

Family 1. Proteidae. — The European “01m,” Proteus, with 
its long, pigmentless body and its “very larval” appendages 
provided with only three fingers and two toes cannot be confused 
with other permanent larvae, nor can Necturus with its external 
gills and pigmented body. The internal characters which define 
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the Proteidae are the same as those of the suborder. Necturus, 
the well-known Mud Puppy of zoological laboratories, is repre- 
sented by only two species and one subspecies. N. punctatus is 
found chiefly in the lower courses of the rivers of North and 
South Carolina, but it manages to reach the Piedmont of North 
Carolina. It is a small, uniformly colored species and probably 
represents a dwarf derivative of N. maculosus confined to the 
Carolina coastal plain. The other Carolina Necturus resembles 
closely maculosus, the common Mud Puppy of eastern United 
States, but fails to reach the size of this species. It has, therefore, 
been considered a distinct subspecies, N. maculosus levnsi. The 
typical form, N. m. maculosus, ranges from the Great Lakes to 
Louisiana and east to the Atlantic. 

Suborder 6. Meantes. — The sirens are permanent larvae 
which have developed a few adult characters. They agree with 
the very young larvae of other families in possessing only the 
anterior appendages. Their relationships are uncertain. It is 
possible they were derived from some hynobiid, for the premaxil- 
lary spines are small and the nasals meet. No cloacal glands are 
present in either sex, and hence fertilization is very probably exter- 
nal. Both jaws are covered with horn, unlike those of all other 
urodeles save certain larval hynobiids and ambystomids which 
have a horny predentary sheath. They differ from larval 
hynobiids in the greatly elongated body, the fused angular and pre- 
articular, and the distinctive skull form. It is frequently claimed 
that the Meantes are adults which have “reverted” to an aquatic 
habitat. The chief characters used to support this claim are the 
separate prevomers and pterygoids, the separate ossification of 
the coracoid, and the specialized Jacobson's organ. The latter 
two features are peculiar to the Meantes, while the first appears 
when the rest of the animal is a typical larva in structure (see 
page 102). The usual characters of a young larva are found in 
the adult sirens, namely lidless eyes, three pairs of external gills, 
and lacking maxillaries. The skin of Siren, unlike that of 
Pseudobranchus, is that of a typical land salamander. As 
stated before (page 103), tfte skin alone of all the structures of the 
juvenile Siren undergoes a typical metamorphosis. 

Family 1. Sirenidae. — The two genera included in the Sireni- 
dae may be readily distinguished from all other permanent larvae 
by their possessing only the anterior appendages. Pseudo- 
branchus is much smaller than Siren and is striped with brown 
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and yellow on the body and is not uniform slate, like the half-grown 
Siren. It is a slimmer forrn than Siren and possesses only one 
branchial opening. Pseudobranchus, unlike Siren, is a burrow- 
ing salamander and when confined in aquaria readily burrows out 
of sight if the sandy floor is suitable. Siren, however, frequently 
works its way through the densely matted vegetation bordering 
its native ponds. Hence, the habits of the two genera are not 

sharply distinguished. 

ORDER 6. SALIENTIA.— The frogs and toads form a natural 
group of Amphibia characterized by short, tailless bodies and 
long legs. The posterior limbs have four segments, not three as 
the salamanders, and these function as powerful levers, permitting 

most Salientia to make long leaps. 

The frogs and toads are included in a single order, Salientia. 

Various names are in general use for the group: “ Anura, Batra- 
chia Ecaudata,” and “Batrachia,” but the name used here has 


been adopted by most systematists. 

Unfortunately the fossil record does not help in elucidating the 
evolution of the various suborders or families of Salientia. Ihe 


oldest known fossils are jMontsechobat radius from the tapper 
Jurassic of Spain and Eobatrachus from the Upper Jurassic of 
Wyoming. The systematic position of neither genus has been 
definitely established, but since both exhibit the general propor- 
tions of the frogs and toads, it is obvious that the Salientia 
have, possessed their characteristic body form since at least the 


Jura'ssic. 

Suborder 1. AmphICOELA. — The most primitive Salientia 
living today are included in the Amphicoela. They are distin- 
guished from other frogs by their amphicoelous vertebrae, the 
interdorsal and interventral remaining cartilaginous as in the 
majority of urodeles. The suborder includes only a single 


family. 

Family 1. Liopelmidae. — There are only two genera of 
Amphicoela and these are included in a single family, although 
one genus is found only in New Zealand and the other only in 
northwestern United States. Both genera are more primitive 
than other Salientia (Fig. 153) in possessing two tail-wagging 
muscles, the pyriformis and the caudalipuhoischiotibialisy even 
though neither possesses a tail. Liopelma and Ascaphus are 
both small, grayish frogs sometimes suffused with pinks, browns, 
and yellows. Ascaphus is the only frog which possesses an 
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extension of the cloaca in the male (Fig. 154). This is used in 
copulation, fertilization being internal in this genus. 

Suborder 2. Opisthocoela.— T he Discoglossidae and 

Pipidae are unquestionably closely related. They are the only 
Salientia which exhibit typical opisthocoelous vertebrae, with 
well-fused centra (Fig. 155). Their scapulae are shorter than 
in the other Salientia, even though some forms may be terrestrial 
and others aquatic. The Opisthocoela are also primitive in 
possessing free ribs either in the larva or in the adult. Their 



Fio. 153. — Diagram illustrating the phytogeny of the Salientia. 

muscular system approaches closely that of the Liopelmidae. On 
the other hand, some pipids have the most specialized skulls and 
sacra of all Salientia, and some discoglossids have the most 
advanced urogenital system. The tongueless condition of the 
Pipidae is an extreme aquatic specialization almost paralleled by 
the tongue reduction in the thoroughly aquatic species of Batra- 
chophrynus, a bufonid. 

Family 1. Discoglossidae. — The Discoglossidae are far less 
specialized than the Pipidae, although some, such as Bombing 
spend most of their time in the water. They may be described 
as Opisthocoela with a fully arciferal pectoral girdle, ribs pres- 
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ent in the adult, sacral vertebra free with biconvex centrum, 
presacral vertebrae not less than eight, tongue and eyelids 
present. The Discoglossidae include only two European, 
one Eurasian, and one Philippine genus. These may be readily 
distinguished by their external form, the European species being 



B c 

Fig. 154. — Male Ascaphus truci: .4. ShowiiiK the cloacal appendage of this sex. 
li. The appendage viewed vcntrally. C. The same fully distended, showing the 
spines which occur within the orifice of the cloaca. 

well known. Bombina includes four species of depressed 
water toads, all variegated below, with black and some other 
tone, either white, red, or orange. Two of the species are 
European and two Chinese. Discoglossus includes only a single 
species, pictuSj from southwestern Europe and northwestern 
Africa. It is a Rana-like frog, about the size of a Pond Frog, 
R, clamitansj and grayish in color, often with a pleasing pattern of 
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Fig. 155. — The principal types of vertebral columns of the Salientia: 
Amphicoelous — Ascaphus truei. B. Opisthocoelous — Alytes obutetricans. 
Opisthocoelous with fused coccyx — Xenopus tTopicalia. D. Anomocoelou 
Scaphiopus couchii. E. Procoelous — Atelopus tarius. F . Diplasiocoelou 
Rana virgatipes. The vertebral columns are viewed from the ventral aspect. 
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darker and lighter tones. Alytes is a smaller, more terrestrial, 
and rougher-skinned form. It is usually lighter in coloration. 
Alytes is represented by two species: one, ohstetricansy is widely 
spread over western Europe, and the other, cisternasiiy is restricted 
to Spain and Portugal. Barbourula, recently described from the 
Philippines, is a completely aquatic frog known from one Philip- 
pine species which resembles Ooeidozyga closely. Its most dis- 
tinguishing feature is its webbed fingers. 

Fossil discoglossids are known from the Upper Oligocene and 
Miocene of Europe. Latonia of the Upper Miocene of Switzer- 
land shows some affinity to Discoglossus but differs in certain 
characters of its skull and in the larger size. The affinities of 
Pelophilus and Protopelobates are less certain. Alytes has been 
described from the Lower Miocene of Bonn. Although these 
few fossils give no picture of the origin or evolution of the Disco- 
glossidae, it is obvious that the family was established in Europe 
by at least the Middle Tertiary. 

Family 2. Pipidae. — The Aglossal Toads are purely aquatic 
Salientia. In correlation with this habitat they have lost a 
tongue and movable eyelids (except Pseudhymenochirus, which 
retains lower eyelids). Ribs are free in the larva but ankylose 
to the diapophyses on metamorphosis. Various fusions occur in 
the vertebral column, the presacral vertebrae numbering five to 
eight. The sacrum is fused to the coccyx (rarely free and with 
a single condyle). The pectoral girdle is partly or wholly firmis- 
ternal; the cartilages never broadly overlap as in the Discoglos- 
sidae. The African pipids differ strikingly from the South 
American genera (Fig. 156) in appearance and life history. They 
may be conveniently placed in different subfamilies. In each sub- 
family the most primitive genus possesses maxillary teeth and 
the more specialized ones lack these structures entirely. The 
Pipidae are found only in Africa and South America. 

Suh-family 1. Xenopinae . — Pipids with simple pointed digits, 
the three inner toes tipped with black, horny claws; eggs, as 
far as known, small; the tadpole with two long tentacles and a 
right and left spiracular opening. The Xenopinae are African, 
and include three genera: Xenopus, Hymenochirus, and 
Pseudhymenochirus. 

Xenopus has the widest distribution and is the most primitive. 
Its pectoral girdle is only partially firmisternal. The pterygoids 
of each side do not fuse together around the median opening of 
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the Eustachian tubes, as in Hymenochirus. The prevomers are 
present in X. laevis and X. clivii, although fused together. The 
skull of even the most primitive species is, however, very special- 
ized, especially in the fusion of the sphenethmoid and para- 
sphenoid (which form a bony case for the brain), the reduced 
and forwardly extended squamosal, the reduced maxillae, and 
the peculiar Eustachian tube passage. Xenopus is represented 
by five living species. 

Hymenochirus is known from three or four species from the 
rain-forest and lower Congo. It is the most specialized of all 
Pipidae in several features of the skeleton. The pterygoids and 



Fi(i. 150. — Pipid toads: A. Xenopus miilleri. B. Pipa pipa, female with eggs. 


exoccipitals are fused to form a complete cover to the Eustachian 
tubes, which open into the pharynx through a single median 
orifice. The lateral wall of the brain case is completely ossified. 
The sacrum consists of the VII, VIII, and IX vertebrae fused 
together and to the coccyx. All the vertebrae are irregularly 
sculptured, and in one skeleton examined, the IV vertebra was 
biconvex. The I and II vertebrae are normally fused, which 
leaves only five presacral segments. The most remarkable 
features are the bladelike flanges of bone which appear on the 
ilium, femur, tibia, fibula, tarsals, and metatarsals. These are 
widest on the two outermost metatarsals (fourth and fifth). 
There are three flanges to each bone and they face in three direc- 
tions. No flanges appear on the forelimbs. The pectoral girdle 

is completely firmisternal. 
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It is said that Hymenochirus shows affinity to Pipa. Aside 
from its lack of maxillary teeth there are a number of other 
resemblances. The most important seems to be the broad and 
laterally flanged frontoparietals, the large nasals, the greatly 
reduced squamosal, the overlapping, not laterally turned-up, 
zygapophyses, the flanging of the leg bones, and the synsacrum. 
It is, however, much more specialized than Pipa in its skull, 
sacrum, and leg bones. It would seem as easy to derive Hymeno- 
chirus from Xenopus as from Pipa. Further, the recently dis- 
covered Pseudhymenochirus seems an exact intermediate in 
external characters between Xenopus and Hymenochirus. Our 
knowledge of the skeleton of Pseudhymenochirus is so fragmen- 
tary that no detailed comparison can be made. It is known 
from only a single specimen found to the north of the African rain 
forest. 

Subfamily 2. Pipinae. — Pipids with a starlike cluster of dermal 
appendages at the ends of their fingers, eggs carried in individual 
dermal pockets on the back of the female, the young escaping 
fully metamorphosed. The Pipinae include two closely allied 
genera from the Amazonian and northern parts of South America 
(including Trinidad). Protopipa is the less specialized in body 
form. It retains the maxillary teeth, while Pipa lacks them. 
Pipa includes three species differing in body size and egg size. 
P. pipa is the largest species and is also the flattest, with dermal 
flaps at the angles of the jaws and a filament at the premaxillary 
symphysis. The jaw flaps are reduced in P. snethlageaej the head 
is smaller, and the premaxillary filament is lacking. P, sncthlageae 
does not reach the size of P. pipa. The smallest species is P. 


parvuy which lacks the head ornaments entirely. P. sneihlageae 
and Protopipa have the fewest number of eggs, but to judge from 
the embryos these are larger than in the other species and they are 
confined to only the median area of the parent's back. 

Suborder 3. AnomOCOELA, — The pelobatid toads in their 
skeleton and musculature form an intermediate group between 
the two preceding suborders and the bufonids. They do not 
merge into the latter, as is often stated, but form a rather uniform 
group of genera showing no close affinity to any living bufonids. 
The Pelobatidae are referred to a distinct suborder, the Anomo- 
coela, which may be defined as follows: Salientia without free 


ossified ribs at any stage of development; sacral vertebrae pro- 
coelous, ankylosed to coccyx or, if free, with only a single artic- 
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ular condyle for the latter; presacral vertebrae eight, either 
uniformly procoelous or with free intervertebral discs. 

Family 1. Pelobatidae. — Pelobatids may be either toad- or 
froglike in external appearance. They agree with bufoninae in 
their arciferal pectoral girdle and dilated sacral diapophyses. 
They differ from them in their single coccygeal condyle and 
primitive pectoral and thigh musculature (the latter specialized 
in the Sooglossinae). The supracoracoideus muscle is not dif- 
ferentiated into an episterno-cleido-humeTalis longus and a supra- 
coracoideus profundus. The sartorius and semitendinosus form a 
single muscle exposed on the ventral surface of the thigh. The 
Pelobatidae are distributed across the northern hemisphere from 
Mexico and the United States to southeastern Asia and the 
Philippines. They penetrate into the southern hemisphere in 
the East Indian region, where they occupy the western part of 
the Indo-Australian Archipelago but do not reach New Guinea 
or the Aru Islands. Further, one subfamily, the Sooglossinae, are 
restricted to the Seychelle Islands. The Pelobatidae are known 
from three natural groups of genera: the Megophryinae, Pelo- 
batinae, and Sooglossinae. 

Subfamily 1. Megophryinae . — Pelobatidae with free inter- 
vertebral discs (interdorsals) or at least these discs more or less 
exposed. Most species of the Megophryinae have their discs 
free. Their vertebrae thus approach the embolomerous type of 
the first tetrapods. This, however, is a purely secondary modifi- 
cation, but one found elsewhere among the Salientia only in the 
Criniinae. The vertebrae of the Megophryinae are more 
advanced than those of the Criniinae in that the notochord is 
replaced by calcification or ossification. In some species of 
Megophrys, better known as Megalophrys, the intervertebral 
discs may become more or less firmly attached to the vertebrae 
immediately anterior to them. The vertebral column in these 
specimens is procoelous, as in the Pelobatinae, and the vertebrae 
differ from those of the latter only in the extent to which the 
intervertebral discs are exposed. The Megophryinae embrace a 
group of Asiatic and East Indian pelobatids, some of large size 
and striking appearance (Fig. 157B). 

The most primitive genus in the subfamily is the widespread 
Megophrys or Megalophrys (including Leptobrachium). It is 
represented by 25 species distributed across southern Asia and 
the western end of the Indo-Australian Archipelago. In Megalo- 
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phrys the pupU is vertical; the maxillary teeth are well developed, 
but the vomerine may be more or less reduced or absent, the 
omosternum is cartilaginous or calcified; while the sternum has a 
long, bony style. Nesobia of the Natuna Islands is a Megalo- 
phrys with a horizontal pupil. Scutiger of the Himalayas is a 
rough-skinned, high-mountain Megalophrys with short maxillary 
teeth. Aelurophryne of the same region is a Scutiger which has 
carried the specialization farther and lost the maxillary teeth 
entirely. Ophryophryne, from the mountains of northern 
India, is a small-headed Megalophrys without teeth and with a 
horizontal pupil. The Bornean Leptobrachella is a diminutive 
Megalophrys with a cartilaginous sternum. Leptobrachella, 



I'lo. 157. — Pelohatid toads: ^4. Sooglossus scchellensis. B. yiegophrys nasuta. 


Ophryophryne, and Nesobia, are each known only from a single 
species. Scutiger is represented by two closely related species 
and the same may be said for Aelurophryne. Thus it is highly 
probable that all these genera are merely local specializations of 
the Megalophrys stock in comparatively recent times and not 
groups which have given rise to any of the higher Salientia, as 
some herpetologists have maintained. 

Subfamily 2. Pelohaiinae . — Pelobatids with the presacral 
vertebrae uniformly procoelus, sacrum fused to the coccyx, 
except in Pelodytes, which has a single condyle. The American 
Scaphiopus and the European Pelobates are popularly known as 
the Spade-foot Toads,” because of the broad, sharp-edged tuber- 
cle which they carry on the inner side of the foot. The bony core 
of this tubercle is formed by the prehallux greatly enlarged as an 
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instrument for digging. Spade-foot Toads with their vertical 
pupil and smooth or slightly tubercular skins (Fig. 158) may be 
readily distinguished from the true toads, Bufo, which have a 
horizontal pupil and rough skin. Pelodytes, the third genus in 
the subfamily, lacks the ''spade” of the other genera and is much 
slenderer and more froglike. It is known from two species, one 
in southwestern Europe and the other in the Caucasus. 

The Pelobatinae are closely allied. Scaphiopus with its 
cartilaginous sternum seems more primitive than either Pelo- 
bates or Pelodytes, which have bony sternums. On the other 
hand, Pelodytes with its free coccyx and Rana-like habitus seems 
less specialized than either Pelobates or Scaphiopus. The three 
genera are obviously closely allied (Boulenger, 1899; Noble, 1924), 
although it is difficult to state which stands nearest the ancestral 
stock from which they sprang. 



Fio. 158. — The eastern Spade-foot Toad. Scaphiopus holbrookii. 


The history of the Pelobatinae dates back to at least the Oli- 
gocene. Macropelobates is known from the Oligocene of Mon- 
golia. Pelobates and a closely allied genus have been described 
from the Lower Miocene of Europe. Other fossils, possibly 
identical with living species of Pelobates, have been reported 
from the Pleistocene of Germany. In brief, Spade-foot Toads 
were established in the Old World for the greater part of the 
Tertiary. 

Subfamily 3. Sooglossinae. — Pelobatids with a free coccyx, a 
horizontal pupil, and a ranid type of thigh musculature (the 
semitendinosus is separate from the sartorius and lies deep within 
the thigh musculature; its distal tendon passes dorsal to that of 
the gracilis major and minor). The three Seychelle Island frogs, 
Nesomantis ihomassetij Sooglossus sechellensis j and S. gardinertj 
have recently been shown to be pelobatids (Noble, 1926), although 
the first two have the external appearance of the ranid Arthro- 
leptis and the last of the bufonid Nectophrynoides. Sooglossus 
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(Fig. 157 A) is merely a Nesomantis without vomerine teeth, but 
gardineri has succeeded in developing short webs between both 
fingers and toes while retaining the body form of sechellensis. 
Sooglossus lays its eggs on land and the larvae which are devoid 
of both internal gills and spiracle adhere to the back of the male. 

Suborder 4. PROCOELA. — The true toads, tree toads, and 
brachycephalid toads form a very natural group of families 
characterized by a uniformly procoelous vertebral column and a 
double condyle to the coccyx. Very rarely, the latter is fused 
to the sacrum, but usually it is free and serves to distinguish the 
Procoela from the Anomocoela, or Pelobatidae. The presacral 
vertebrae are five to eight in number and lack ribs. The thigh 
musculature also is distinctive. The semitendinosvs is separate 
from the sartorius (Fig. 96) and is more or less covered by the 
gracilis and adductor mass. Its tendon joins that of the sartorius 
and is ventral to (rarely pierces) the gracilis major and minor. 
The Procoela includes one extinct family, Palaeobatrachidae, and 
three recent ones, Bufonidae, Brachycephalidae, and Hylidae. 

Family 1. Palaeobatrachidae. — The fossil toads of the genus 
Palaeobatrachus, and possibly Protopelobates, are grouped 
together in the family Palaeobatrachidae. They differ from the 
Pelobatidae in having a double condyle on the coccyx and in 
having the sacrum formed of two or three slightly dilated pre- 
coccygeal vertebrae. They are procoelous and cannot be con- 
fused with the Pipidae, which they seem to parallel in several 
respects, chiefly in the form of their appendages. In Palaeo- 
bairachus luedecki, for example, the metacarpals are as long as 
the radius and only slightly shorter than the humerus. This 
suggests an aquatic life. The Palaeobatrachidae are sometimes 
described as Aglossa or at least as very primitive. Some species, 
possibly all, possessed maxillary and vomerine teeth. But aside 
from this they possessed few primitive characters. The first and 
second vertebrae were probably fused. The others were pro- 
coelous without a trace of the notochord (luedecki). Neither 
pectoral nor pelvic girdle approached closely to those of the 
obviously primitive Liopelmidae. The Palaeobatrachidae extend 
from the Jurassic (Vidal, 1902) to Miocene. They are known 
only from European formations. 

It is not improbable that a number of different stocks are 
included under the name “Palaeobatrachus.” Thus, in the 
Lower Miocene beds near Markersdorff, Czechoslovakia, there were 
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found many skeletons of Palaeobatrachus luedecki and also some 
large tadpole skeletons attributed to the same species. These 
tadpoles have single frontoparietal plates similar to those of the 
adult skeletons. They also have long parasphenoids extending 
forward to a sharp point. In these features they resemble the 
tadpoles of Xenopus. In the Rott beds near Bonn, there is 
another type of tadpole attributed to Palaeobatrachus diluvianus. 
This has a much smaller head, separate frontoparietals, and a 
shorter parasphenoid. It seems hardly likely that these two 
tadpoles are referable to the same genus. 

Family 2. Bufonidae. — The toads, including those with and 
those without maxillary teeth, form one of the dominant groups 
of Salientia. They resemble the Pelobatidae closely but, as 
indicated in the definition of the Procoela, have advanced 
beyond this group in both their skeletal anatomy and their 
musculature. The toothed bufonids are frequently designated 
as Cystignathidae or Leptodactylidae. They are more primitive 
than the toothless genera, but as they have given rise to toothless 
bufonids in different parts of the world, it makes a more natural 
system to group toothed and toothless genera together as a single 
family. The Bufonidae possess an arciferal pectoral girdle. 
The sacral diapophyses are cylindrical or dilated. The presacral 
vertebrae are usually eight, rarely seven. The terminal pha- 
langes may be simple or T-shaped. The Bufonidae group them- 
selves into seven subfamilies, some better defined than others. 

Subfamily 1. Criminae: Australian Toads. — Bufonidae usually 
with a persistent remnant of the notochord continuous throughout 
the vertebrae; sacral diapophyses more or less dilated; sternum 
broad, cartilaginous, rarely bony; maxillae usually very deep. 
The Australian Bufonidae, although represented by 16 genera, 
are particularly distinguished by their lack of specialization. 
They are all much alike, the characters which separate the genera 
being for the most part very trivial. The Criniinae are not 
sharply distinguished from the Pseudinae. They differ from most 
of the latter by their dilated sacral diapophyses, but unfortunately 
a few species of Paludicola, Eupemphix, and Calyptocephalus 
have also developed a slightly dilated sacrum. The deep maxillae 
serve to distinguish the skulls of most Criniinae. In these the 
maxillae are usually more than a fourth as wide as long, while 
in the Pseudinae they are much narrower. A few intermediates, 
however, exist, and in several species of both subfamilies a second- 
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ary deposit of bone over the skull elements extends their dimen- 
sions considerably. The most fundamental difference would 
seem to be the persistent notochord of the Criniinae, but this 
character has been checked for only a limited number of genera 
and was found to be lacking in one of these, namely Lechriodus. 
It must be admitted that until the anatomy of the Australian 
and South American bufonids has been more fully investigated 
no sharp distinction may be made between the Criniinae and 
Pseudinae. Among the peculiar osteological features found in 
some but not all Criniinae are the fusion of the first and second 
vertebrae, the broad extension of the premaxillaries, and the 
reduction in size of the squamosals. 

Perhaps the most distinctive group of Criniinae are the large, 
smooth-skinned genera, with vertical pupils and normal fingers. 
Mixophyes is Rana-like with extensively webbed toes, the web 
extending between the metatarsals. Lechriodus (including Phan- 
erotis, which apparently has the same shaped pupil) has the toes 
only slightly webbed. It is confined to New Guinea and the Aru 
Islands, not reaching Australia proper. 

Ranaster and Limnodynastes are smaller Salientia with a 
transverse row of vomerine teeth behind the choanae. In Ranas- 
ter, a New Guinean genus, webs are lacking between the toes and 
the skin is very warty. Limnodynastes is widely spread over 
Australia. Its toes are either free or slightly webbed. It may 
be distinguished from Ranaster by its vertical pupil and less 
rugose skin. 

Helioporus and Philocryphus are large Australian Criniinae 
with free fingers and webbed toes. The latter genus differs from 
the former only in its distinct tympanum. 

One group of Australian genera is characterized by the dispro- 
portionate growth of the fingers. The first finger is much longer 
than the second and more or less opposed to it. This group 
embraces two genera, Chiroleptes and Mitrolysis. Chiroleptes 
(including Phractops) embraces species with the appearance of 
Pseudis and others resembling Ceratophrys. Thus it is probable 
that the species have very different habits while retaining the 
distinctive “opposable thumb” of the group. Mitrolysis is a 
Chiroleptes with a vertical pupil. 

The greatest number of Criniinae are small Salientia, without 
webs between fingers or toes. The metatarsals in these are 
bound together. The omosternum and sternum are present and 
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cartilaginous, as in most Criniinae. The central type is Crinia. 
Pseudophryne is identical with it except in lacking maxillary 
teeth. Hyperolia may be described as a Crinia with a vertical 
pupil. Adelotus and Philoria have the horizontal pupil of Crinia. 
They are said to differ from Crinia only in their larger sternum. 
Cryptotis is apparently very similar to the same genus but is 
said to have a rudimentary omosternum. Cryptotis brevis is 
remarkable for a long tusk-like process on the dentary. An exact 
analysis of the mutual relationships of these genera will have to 
await a more complete knowledge of their anatomy. 

The most aberrant Criniinae are the grotesque, fossorial 
Myobatrachus and Notaden. Both lack maxillary teeth and 
have the sternum more or less calcified or bony. Myobatrachus 
has a smooth palate, while that of Notaden is covered with a 
series of three soft folds. The immediate ancestors of these 
peculiar forms are not living in Australia today, but it is a fair 
assumption that they were toothed forms and not so aberrant 
as these genera. Neither Myobatrachus nor Notaden shows in 
their internal anatomy a close affinity to bufonids found today 
outside Australia. They are not Bufoninae, as often stated. 

The Criniinae are structurally the most primitive bufonids. 
They apparently left no fossil record except in India, when during 
the Eocene a little frog closely allied to Crinia lived in consider- 
able numbers. This frog has recently been described under the 
name of “Indobatrachus.” It previously masqueraded under 
the name of “Rana” and “Oxyglossus,” but even today its skele- 
ton is not completely known. 

Subfamily 2. Heleophryninae , — Bufonidae with solid procoe- 
lous vertebrae, T-shaped terminal phalanges, and a distinctive 
thigh musculature; the semitendinosus superficial as in the Pelo- 
batidae but separated from the sartorius distally. The only 
genus of Bufonidae with maxillary teeth in Africa is sufficiently 
distinct from the toothless forms on the same continent or from 
the bufonids on other continents to warrant its separation as a 
separate subfamily. Heleophryne is now known from five species, 
all from South Africa. They have the appearance of slim-bodied 
tree frogs or broad-disced species of Lechriodus. The tadpoles 
of three species are known. These are all highly modified for life 
in mountain streams. The very recent discoveries of de Villiers 
and his students indicate that two genera, one of them firmister- 
nal, may have been confused under the name Heleophryne. 
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Subfamily 3. Pseudinae: South American Frogs.— Bufonidae 
with solid procoelous vertebrae, cylindrical or rarely slightly 
dilated sacral diapophyses, a cartilaginous omosternum and 
sternum (the latter sometimes calcified), and with maxillary teeth 
usually present. The Pseudinae represent the most primitive 
stock of neotropical bufonids. They are confined to South and 
Central America and the West Indies, except for a few stragglers 
which reach Texas and Florida. One genus, Eleutherodactylus, 
is represented by numerous species which form a large part of 
the Amphibian fauna of Central America and the est Indies. 
The Pseudinae, although not sharply distinguished from the 
Criniinae, cannot be confused with other neotropical bufonids 
because of their girdles. The sternum is broad and cartilaginous 
except in large specimens of Calyptocephalus, Ceratophrys, and 
Hylorina, where it may calcify. Bufo has a similar sternum 
but its sacral diapophyses are well dilated. 

The Pseudinae are roughly divided into primarily water frogs, 
with webs between the toes, and terrestrial, or semiterrestrial, 
genera with shorter webs or none at all. The first group of genera 
have simple terminal phalanges and are more or less depressed 
in form. Considering Telmatobius the central type, Cyclor- 
amphus of eastern South America differs from it in that the vomer- 
ine teeth are in a line with the posterior edge of the choanae 
instead of being between them and, further, in that the males 
have a conspicuous gland on the groin of each side (Fig. 42, B). 
Grypiscus of Brazil seems to be a Cyloramphus with caducous 
odontoids on the lower jaw. Batrachophrynus of the Peruvian 
Andes is certainly a Telmatobius which has lost the maxillary 
and vomerine teeth. Calyptocephalus of Chili and Panama has 
specialized in the other direction. It may be described as a 
Telmatobius with a secondary deposit of bone on the skull, the 
skin being involved in the ossification. As in the case of most 
frogs which have undergone this type of specialization {e.g.j 
Hemiphractus), odontoids appear on the palatines. Pseudis 
parallels Chiroleptes of Australia in a disharmonic growth of the 
fingers, the first being longer and more or less opposed to the others. 
Pseudis has a broad distribution in eastern and southern South 
America. 

The second group are all more or less terrestrial, except possibly 
Hylorina, which differs from all other bufonids in its exceed- 
ingly long hands and feet (Fig. 159). The central type here 
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seems to be Borborocoetes, of wide distribution throughout South 
and Central America. It has maxillary and vomerine teeth, very 
short webs (sometimes lacking) between the toes, and non- 
dilated digit tips. The terminal phalanges are knobbed or 
bluntly T-shaped. Ceratophrys differs from this stock only in 
its larger head, more extensive webs between the toes, and simple 
terminal phalanges. Zachaenus may be described as a Bor- 
borocoetes with a rounded tongue having a flounced or crenulated 
edge. Possibly the tongue is highly extensible in life. Zachaenus 
is confined to eastern Brazil. Most species have a small, pointed 
head. Finally, Eleutherodactylus and Syrrhophus agree closely 
with Borborocoetes but have T-shaped terminal phalanges. A 



Fia. 159 . — Hylorina sylvatica, a Chilean bufonid. 

few species of Eleutherodactylus have extensive webs and others 
have none at all, some have broad digital discs and others appar- 
ently (but not actually, as shown by their histology) lack these 
adhesive discs. Syrrhophus is merely an Eleutherodactylus 
without vomerine teeth. 

The history of the Pseudinae cannot be followed in the fossil 
record. Only Ceratophrys has been described as a fossil and 
this from the Pleistocene of Brazil. 

Subfamily 4. Rhinophryninae . — The Mexican burrowing toad, 
Rhinophrynus, is so highly specialized that it may well be isolated 
in a subfamily distinct from the Pseudinae with which it seems 
to have the closest aflanities. Its pectoral girdle alone is dis- 
tinctive, the omosternum being rudimentary and the sternum 
entirely lacking. Teeth are lacking and the tongue is peculiar 
in that it is free anteriorly and apparently protrusible in mammal, 
rather than in frog, fashion. A close parallel occurs in the African 
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bufonid Werneria. Rhinophrynus dorsalis is a round-bodied, 
smooth-skinned toad with a very small pointed head. Its 
coloration of pink and brown gives it a somewhat pathological 
appearance. Its toes are partly webbed, and an enormous 
cornified tubercle or “spade” covers the prehallux. "Ihe first 
toe is peculiar in that it possesses only one phalanx beyond the 
metatarsal and this is converted into a shovel-like segment. The 
sacral diapophyses are only moderately dilated. It is remarkable 
that the burrowing Salientia of the same body form as Rhinophry- 
nus may have either cylindrical, slightly dilated or enormously 
dilated sacral diapophyses. Rhinophrynus, like many other 
specialized borrowers, feeds largely on termites. 

Subfamily 5. Bufoninae: True Toads.— Bufonidae without 
maxillary teeth, sacral diapophyses dilated, sternum cartilaginous 



Fig. IGO . — Siclophrynoidea vivipara, a viviparous toad of Fast .\fripa 


or calcified, omosternum absent or, if present, cartilaginous. The 
Bufoninae represent very probably an unnatural group of toads 
showing closest affinities to the Criniinae. Except for Bufo, 
they are confined to Africa and southern Asia. The most primi- 
tive genus is Nectophrynoides (Fig. 160) of East Africa, which 
differs from Pseudophryne of Australia in its larger head, wider 
sacrum, and larger omosternum. Further, its vertebral column 
is typically precocious, the notochord is not retained, and the 
intervertebral discs are not loosely attached as in Pseudophryne. 
It differs remarkably from Pseudophryne in embracing the only 
ovoviviparous Salientia in the world (see page 74). Necto- 
phryne of Africa, the Malay Peninsula, and the western part of the 
Indo-Australian Archipelago differs in the loss of the omosternum, 
and in the flattened, T-shaped terminal phalanges (spatulated). 
Some of the East Indian species seem to grade into Bufo (Fig. 
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161), but the majority are broad- webbed, arboreal forms. Two, 
perhaps all, of the African species have broad lamellae on the 



Fio. 161 . — Dufo jerboa, a long-legged toad of Sumatra, Borneo and the Malay 

Peninsula. 




Fig. 162. — The enlargement of the articular tubercles to form pads. A. Phryn^ 
ella pulchra. B. Nectophryne afra. S.P,, sub-articular and palmar pads. 

under surface of the hands and feet (Fig. 162). It is highly prob- 
able that the non-lamellated African species are referable to Necto- 
phrynoides. The African Werneria is of uncertain affinities. It 
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was described with a tongue free in front, as in Rhinophrynus. 
The genus is known only from the type. The Asiatic Pseudobufo 
is especially distinctive. It is a large, rough-skinned water toad 
(Fig. 163), known from the Malay Peninsula, Sumatra, and 
Borneo. It is distinguished by its extensively webbed toes and 

upwardly directed nostrils. 

The last genus in the subfamily is the common toad Bufo. 
The distribution of this genus is world-wide except for New 
Guinea, Polynesia, Australia, and Madagascar. As in the 
case of Pseudobufo, its immediate relatives are unknown. It 



Fio. 1G3 . — Pseudobufo subasper, an acjuutir toad of India. 


is not improbable, however, that Bufo descended from a toothed 
ancestor, for a tooth ridge develops in the tadpole, as shown 
by Oeder (1906). Bufo is distinguished from the other genera 
in the subfamily by a combination of characters: simple terminal 
phalanges, laterally directed nostrils, and partly webbed toes. 
Nevertheless, it seems to grade into both Nectophryne and 
Nectophrynoides, Some African species, such as B. preussij have 
a smooth skin and possess an omosternum. Most species of Bufo 
lack the omosternum, are rough-skinned, and possess large para- 
toid glands. Bufo micronoius has the blunt, subspatulate ter- 
minal phalanges and the large eggs of Nectophrynoides, although 
it has the external appearance of a Bufo. 
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Fossil toads are not sufficiently numerous or complete to show 
how Bufo and related Bufoninae diverged in time. Most of the 
fossils come from the Miocene and later formations of Europe. 
Platosphus, Diplopelturus, Pliobatrachus, and Bufavus are of 
uncertain affinities. 

Subfamily 6. Elosiiriae . — Bufonidae with a pair of scute-like 
structures on the upper surface of each digit tip, the latter more 
or less dilated; omosternum and sternum cartilaginous; terminal 
phalanges T-shaped. The Elosiinae include three genera, Elosia, 
Megaelosia and Crossodactylus, all confined to eastern Brazil. 
Crossodactylus is merely an Elosia without vomerine teeth. 
It is represented by three species. Megaelosia is a giant Elosia 
having very small pseudoteeth (bony processes) on the lower jaw, 
a raised palatine ridge, and elongated maxillary teeth. Megae- 
losia, which is perhaps hardly generically distinct from Elosia, 
is interesting as illustrating the first stage in the development of 
pseudoteeth. These structures have appeared again and again 
in the Salientia and have until recently been called “true teeth.” 
While their ontogeny has never been studied, their incipient stages 
are represented in such genera as Megaelosia and Genyophryne. 

The Elosiinae seem to have arisen from some genus of Pseu- 
dinae, probably from Borborocoetes. They are of especial 
interest as forming the ancestral stock from which the Dendro- 
batinae have arisen. Although themselves not rich in species, 
they have apparently given rise to one of the dominant sub- 
families of neotropical Salientia. 

Subfamily 7. Leptodaclylinae , — Bufonids with a narrow, bony 
sternum, either entire or divided at the posterior end. The 
Leptodactylinae are South American, a few species extending 
into Central America and the West Indies. The primitive mem- 
ber of the subfamily seems to be Physalaemus, which has the 
broadest sternum of all and seems to have arisen directly from 
Borborocoetes. The species of this genus were formerly 
referred to Paludicola, a genus which has recently been divided 
into three genera by Parker (1927). Physalaemus differs from 
Pleurodema in possessing a quadratojugal. Eupemphix is a 
Physalaemus which has lost the maxillary teeth. Limnomcdusa 
is a large, slim Physalaemus with a vertical pupil. Leptodactylus 
(including Plectromantis) is a Physalaemus with the omosternum 
ossified. Edalorhina is a brightly colored Physalaemus with the 
tympanum very distinct. Thus, all the genera of Leptodacty- 



nELATIONSHIPS AND CLASSIFICATION 


505 


linae are merely slightly modified members of the Physalaemus 
stock. Paludicola, in the broad sense, is such a widespread 
stock, of such varied body form and color, that it affords a possible 
ancestor for the other groups. Leptodactylus is the most 
dominant group of Leptodactylinae. It includes the so-called 
“South American Bull Frogs.” ]\Iost of the species are Rana- 
like in appearance except for their prac- 
tically webless toes. Some species of 
Physalaemus resemble some forms of 
Leptodactylus closely. 

Family 3. Brachycephalidae. — A large 
group of small neotropical toads has 
recently been shown to be closely allied 
to the Bufonidae and to have no relation- 
ship to the Ranidae or Brovicipitidae with 
which they were formerly confused. They 
may be described as Procoela with the 
two halves of the pectoral girdle partly or 
wholly fused in the niidline. They differ 
from the Diplasiocoela not only in their 
uniformly procoelous vertebral column but 
also in their bufonid-like thigh muscles 
(the tendon of the seyniiendinosus passes 
ventral to that of the gracilis major and 
minor, not dorsal to it, as in the Diplasio- 
coela). The family is primarily terrestrial, 
and intercalary cartilages are lacking. 

The various genera frequently exhibit 
fusions in the vertebrae. In one genus 
from Mount Roraima (Oreophrynella), 
there are only five presacral segments 
(Fig. 164). The firmisternous condition 
of the pectoral girdle has been assumed at least three times 
within the family, once in each of the three subfamilies. The 
Brachycephalidae show more clearly than any other family of 
Saliontia the details of their origin. Each subfamily has arisen 
from a different stock of bufonids, but as all the ancestral stocks 
were bufonids residing in the same general region, the Brachy- 
cephalidae may be considered a natural, even though a com- 
posite, family. It is interesting to note that the primitive genus 



quelchii showing the ex- 
treme condition of verte- 
bral fusion found in the 
Salicntia. The first and 
second vertebrae, also the 
seventh, eighth, and ninth, 
are fused. 
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of each subfamily is arciferal to a greater or lesser extent, and 
that the specialized ones are firmisternal. 

The Brachycephalidae may be readily distinguished from both 
ranids and brevicipitids by external characters (Fig. 165). No 
ranid other than Rana reached the neotropics, and the only 
brevicipitids are Microhylinae and Kalophryninae. The latter 



Fia. 165.— Brachycephalicl frogs: A. Oreophrynclla qnelchii. B. Elosta nasus 

C. Brachyccphalus ephippium. D. Dendrobales braccatus. 


are mostly small-headed forms resembling the American narrow- 
mouthed toads. The Brachycephalidae, on the other hand, 
resemble their bufonid ancestors in head form. 

Subfamily 1. Rhinodermatinae—Bv&chycephalids without 
digital dilations or scutes, omosternum and sternum cartilaginous. 
Sminthillus, found in Cuba and in both Peru and eastern Brazil, 
is only partly firmisternal. It is obviously closely allied to 
Syrrhophus (Eleutherodactylus without vomerine teeth) and 
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retains in all but one species the T-shaped terminal phalanges 
of that genus. Geobatrachus is known only from a single 
rare species inhabiting high altitudes of the Santa Marta 
Mountains in Colombia. It is characterized by its reduced 
digits, the outer being lost. Rhinoderma, the last genus, is a 
little Chilean frog well known for its breeding habits. The male 
carries the eggs and young in his vocal pouch (see page 71). 
Rhinoderma may be distinguished from the other genera by its 

toothless maxillaries and pointed snout. 

Suhfa 7 nily 2. Dendrobatiriae.—Brdchyccpha\k\s with a pair 
of dermal scutes on the upper surface of each digit tip, the latter 
more or less dilated into adhesive discs; omosternum present, 
frequently bony. The Dendrobatinae have clearly arisen from 
the bufonid Crossodactylus or a form closely allied to it. Crosso- 
dactylus shows a reduction in width of the coracoid cartilages, the 
first step in the development of the firmisternous girdle (I\oble, 
1926a). It also agrees closely with Hyloxalus in both external 
and internal characters. Phyllobates is merely a Hyloxalus 
without webs between the toes. Dendrobates is a Phyllobates 
without maxillary teeth. These three closely allied genera 
inhabit the northern half of South America and Central America. 
Phyllobates is represented by about 20 species (Barbour and 
Noble, 1920; Dunn, 1924), while Dendrobates has about half 
as many forms. They are chiefly forest frogs which frequent 
the vicinity of streams, at least when the males are releasing their 
charge of tadpoles w'hich they carry on their backs (see p. 70). 
Phyllobates is represented by a number of species in the Andes 
which are ubiquitous along the edges of small streams. 

Subfamily 3. Brachycephalinae . — Brachycephalids without 
an omosternum or digital scutes. In two of the four genera the 
pectoral girdle is partly fused (Fig. 87), and in the other two 
completely so. Dendrophryniscus of Paraguay, northern Argen- 
tina, and eastern Brazil includes a number of rough-skinned little 
toads, of which the best known is D. stelzneri. Oreophrynella, a 
broad-footed form, comes from the top of Mount Roraima in 
British Guiana. It agrees with Dendrophryniscus in its partly 
fused pectoral girdle. Its vertebral column, however, is much 
more specialized. Atelopus is a widely spread genus of often 
strangely colored toads. Most South American toads brightly 
variegated with black and yellow and having squarish heads and 
rather swollen feet, usually prove on dissection referable to 
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Ateiopus. Brachycephalus agrees with Atelopus in its firmis- 
ternous pectoral girdle, but its digits are more reduced (Fig. 
165, C) and it carries a great calcareous plate on its back often 
ankylosed to the neural spines. Brachycephalus is a very small 
toad known only from eastern Brazil. 

Family 4. Hylidae. — The true tree frogs, or Hylidae, may be 
described as bufonids with intercalary cartilages and usually 
with claw-shaped phalanges (Fig. 166). They are procoelous, 
usually with dilated sacral diapophyses. Most, but not all, are 
tree frogs. Some, such as the Cricket Frog, Acris, are aquatic, 
and others, such as Pternohyla, are terrestrial and more or less 
fossorial. There are 16 genera of hylids. All of these save Hyla 



Fig. 166. — Arboreal adaptations in the phalanges. Tree frogs have claw- 
shaped terminal phalanges which rotate on intercalary cartilages or bones. 
Arboreal salamanders may have recurved, spatulated terminal phalanges. A. 
Aneides luguhris. B. Hyla ocularis. 

are confined to the New World. Two other genera, Hylella and 
Nyctimystes, have been described from the East Indian region 
(also Australia in the case of the former), but as these genera 
are polyphyletic assemblages, scarcely distinct from Hyla, they 
are not recognized here. Hyla is spread almost entirely around 
the world except for a hiatus in the Indo-Malayan (includ- 
ing Borneo), Polynesian, Ethiopian and Madagascan regions. 
Hyla arbor ea meridionalis has been recorded from the Gulf of 
Guinea but possibly through error (Noble, 1926). Two hylas 
have also been recently recorded from Java. The Hylidae are 
divided into two subfamilies. 

Subfamily 1. HemiphracHuae. — Hylidae in which the female 
carries the eggs on the back, either exposed or enclosed in a 
single sac; sacral diapophyses usually cylindrical or slightly 
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dilated; if well dilated, as in Gastrotheca and Amphignathodon, 
a dorsal pouch present in the female; terminal phalanges claw- 
shaped. The two subfamilies of Hylidae are sharply distin- 
guished only in their modes of life history. The Hemiphractinae 
usually have a very slightly dilated sacrum and the skull more or 
less roofed over by dermal ossification, while most Hylinae have 
a dilated sacrum and little or no dermal ossification. A few large 
hylas, however, such as //. taurina, maxima, etc., have the sacrum 
scarcely more dilated than Hemiphractus, and several Hylinae, 
such as Diaglena and Pternohyla, are noted for their grotesque 
casques. The genera of Hemiphractinae are, nevertheless, well 

defined and apparently closely related. 

Cryptobatrachus (Fig. 20, C) has the appearance of a Hyla, 
but its sacral diapophyses are nearly cylindrical. Hemiphractus 
(including Cerothyla) has the skull extended into a three-cornered 
casque (Fig. 168, A). It also possesses pseudoteeth on the lower 
jaw and palatines. Gastrotheca is not known to have any 
character save the dorsal pouch to distinguish it from all species 
of Hyla. In fact, the males of the various species of Ciastrotheca, 
lacking the pouch, have been repeatedly described as new 
species” of Hyla. Amphignathodon is a Gastrotheca which has 
redeveloped true teeth on the lower jaw. Amphignathodon is 
said to lack the omosternum, but it is actually present, the 
pectoral girdle resembling that of Gastrotheca closely. Crypto- 
batrachus and Gastrotheca are widely spread over northern 
South America; Hemiphractus occurs in Brazil, and north- 
western South America including Panama; while Amphignatho- 
don is known only from Ecuador. 

The most remarkable osteological feature of the Hemiphractinae 
is the redevelopment of true teeth on the dentary of Amphigna- 
thodon. Such teeth do not occur in any other Salientia, the 
toothlike structures on the lower jaw of Ceratobatrachus, 
Dimorphognathus, etc., being mere bony processes from the 
jawbones without the characteristic features of teeth. May 
these teeth of Amphignathodon be considered atavistic struc- 
tures — a reminiscence from Branchiosaur ancestors of the frogs? 
There does not seem to be any other satisfactory explanation for 
their sudden appearance in the specialized Amphignathodon. 

The best known Hemiphractinae are the ^larsupial Frogs. 
Because of the dictates of priority, this group long known by the 
appropriate name of “Nototrema” must be called Gastro- 
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theca/' although the theca, as stated above, is on the back not 
on the belly. There are three main types of Marsupial Frogs. 
In G. pygmaea the opening of the sac is represented by a long 
slit extending the length of the back. In G. ovifera and its 
allies the sac opens by a narrow mouth in the sacral region, the 
are large, and the young escape fully formed from the 
pouch. In the last group, represented by G. marsupiata and 
closely allied species, the pouch is the same as in ovifera but the 
eggs are smaller and more numerous. The young hatch out as 
tadpoles. Alarsupial Frogs have the skull more or less covered 
by a secondary deposit of bone. In a few forms such as G. 
weinlandii the derm of the back is studded with numerous cal- 
careous plates. In these species the young, during their sojourn 
on their maternal parent's back, are safely enclosed within a 
veritable coat of mail ! 

Subfamily 2. Hylinae. — Hylidae in which the eggs are laid 
in or near the water; sacral diapophyses dilated; terminal pha- 
langes claw- or T-shaped. There are 12 valid genera of Hylinae 
and at least 3 others which are sometimes recognized. All of 
these are -closely allied to Hyla and differ in very few characters. 
The most distinct are the neotropical Centrolene and Centrol- 
enella, which have T-shaped terminal phalanges and frequently 
truncated digital discs. The recently described Allophryne 
is a toothless Centrolenella with peculiar scale-like patches of 
roughened epidermis strewn over head and back. The American 
Acris and particularly Pseudacris are not distinguished from 
Hyla by any structural characters. Pseudacris (Fig. 167) is 
merely a group of Hyla species with reduced webs. Microhyla, 
Eleutherodactylus, and various other natural genera include 
species with and others without webs on their toes. Acris 
is a Rana-like Hyla, aquatic or terrestrial but never arboreal. 
There are a number of neotropical hylas with small digital dila- 
tions similar to those of Acris, but none is so Rana-like. In the 
Australian regions, however, there are a few hylas which resemble 
Rana even more closely than Acris does. H. nasuta of Queens- 
land, in form, color, dorsal folds, etc., is remarkably similar to 
R. mascareniensis. Further, its intercalary cartilages are greatly 
elongated as in Acris. It would seem that terrestrial life has 
called forth a greater development of these primarily arboreal 
structures (see page 95). 
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Amphodus (including Lophyohyhi) may be described as a Hyla 
which has developed pseudoteeth on the lower jaw and para- 
sphenoid. In Amphodus both dentary and prearticular are 
extended into a ragged sawtooth edge. Its palatines are simi- 
larly edged but the projections are not so elevated. 1 he para- 
sphenoid odontoids form a broad patch and many are fused 
together producing obliciue ridges. Similar odontoids occasion- 



Fio. 167.— Several species of hylicls lack webs between their toes and do not 
climb. The American species arc fre<iuently referred to the jjenus I seudacris. 
Ilyla triscriaia (.4) is a typical Pseudacris. while II. ocularis {B) climbs readily, 
especially up grass stems and bushes. 

ally occur in other genera of Hylinae. In Hyla (Nyctimantis) 
rugiceps they occur on the prevomers together with the true 
vomerine teeth. The sacrum of Amphodus is moderately dilated 
and its ovarian eggs are small and densely pigmented. It has, 
therefore, probably no close affinity to Hemiphractus, which has 
developed similar bony extensions of the lower jaw'bones. Amph- 
odus is known from Trinidad and Brazil. 

A third group of Hylinae are characterized by the development of 
excessive bony growths on the skull. In these, strangely enough, 
the lower jawbones are not extended into pseudoteeth. A num- 
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ber of species of Hyla {nigromaculatuSj dominicensis^ etc.) develop 
complete caps of secondary dermal bone to the skull, and in H. 
lichenatay and to a lesser extent in nigromaculatuSy the occipital 
region may be raised into a peculiar bony crown. There is no 
doubt, from what has been said concerning the life histories of 
these forms (page 67), that they are very closely allied to species 
which lack any trace of a secondary bony cover to the skull. 
Here and there throughout the neotropics species have developed 
more extensive casques than lichenata and these have been 
dignified with special generic names. Pternohyla is a small- 
discod Alexican Hyla which has extended the secondary bony 



A 

Fig. 168. — Secondary ossifications occur in the skin of Salientia. In Ptemo- 
hyla {B), the ossification forms a thick cover to the skull. In llcmiphractus (^), 
this cover is extended to form a pair of broad horns. 


growth until it forms in the adult a low ridge along the edge of the 
upper jaw (Fig. 168.5). Corythomantis is a Brazilian form with 
larger discs and more extensive casque. The pupil is said to be 
rhombic, as in II. vasta. In Triprion of Mexico the extension of 
the casque is carried slightly further, at least it is more sculptured, 
and odontoids appear on the parasphenoid and lateral portions 
of the palatines. Specimens vary considerably in the number and 
extent of these odontoids, but the latter are never very numerous. 
Diaglena (including Tetraprion) is identical with Triprion, but 
the pupil is said to be horizontal, although, as in H. vasta^ this 
may be a matter of pupil size at the moment of death. These 
helmeted Hylinae are represented by very few species, and 
while it is customary to recognize them as distinct genera it is 
clear that they are all merely slightly aberrant hylas. Perhaps 
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the most distinctive is the small Trijprion peiasatus of \ucatan. 
The casque formation in this species has led to a widening of the 
ethmoid, a reduction in length of the palatines, and a broadening 
of the parasphenoid. 

The last group of Hylinae is characterized by a vertical pupil. 
This is not a good character, for it has arisen independently in 
H. vasta and in II. lichenata of the West Indies (see page 89), 
also independently — to judge from the numerous differences 
which distinguish granti from papua — in the two Papuan species 
which have been linked together under the name of “Nyctimy- 
stes.” In general, pupil form does not seem a reliable character 
in the Hylidae to distinguish related groups of species, for in this 




Fio. 


109. — Phyllonudusa htcolor, a South .\merican treo frog 

opposable thurubs and inner toes. 


possessing 


botli 


family the pupil has changed its form too frequently. There is, 
however, one group of neotropical Hylinae which has added to 
the pupil character certain other features which seem to distin- 
guish them as a natural group of species. These species are 
n'ferred to Phyllomedusa (including Agalychnis). They are 
hylas which have developed a bright green color (sometimes 
brown in young), usually a red iris, a vertical pupil, and, most 
important of all, a disproportionate growth of the toes. The 
more primitive species, moreleti, calcarifei’, and spurrelli, differ 
from Hyla in toe proportions, the disc of the first reaching the 
base of the disc of the second and not falling much short of this 
point, as in Hyla. They have broadly webbed toes and look like 
large specimens of Hyla uranochroa or H . pulchella except for their 
pupil form and toe proportions. The other species of Phyllome- 
dusa show more or less reduction of the webs, an elongation of the 
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first toe, a shortening of the second, together with a slight 
twisting of the first, until in the most specialized forms it opposes 
the other toes. The extreme species lose the digital dilations 
entirely, reduce the intercalary cartilages to thin wafers, and 
develop large parotoid glands (Fig. 169). There are no less than 
18 species of Phyllomedusa distributed from Argentina to Mexico. 
They are very handsome and sometimes grotesque tree frogs. 
One of the most attractive is P. perlatUy which has its paratoid 
glands extended along each side of the body as a row of pearl-like 
beads. The life history of the species of Phyllomedusa is distinc- 
tive and nearly uniform throughout the group (see page 69). 

The genus Hyla is one of the largest and most stable groups of 
Salientia. It is remarkable that Hyla, as well as such different 
types as Rana and Bufo, are almost the only Salientia which have 
succeeded in spreading widely over both hemispheres. The his- 
tory of these migrations is practically unknown. Only one fossil 
Hyla has been described. This is from the Miocene of Europe. 

SUBORDER 6. DipLASIOCOELA.— The true frogs, ranids; Old 
World tree frogs, polypedatids; and narrow-mouthed toads, 
brevicipitids, are closely allied. They have been grouped 
together in the suborder Diplasiocoela. The latter is defined as 
a primary group of Salientia having the centrum of its sacral 
vertebra convex anteriorly and with a double condyle posteriorly 
for the coccyx, the eighth vertebra biconcave and preceded by 
seven procoelous vertebrae (the first two rarely fused). The 
thigh musculature is always of the most specialized type {semi- 
iendinosus distinct from the sartoriusy its distal tendon passing 
dorsal to the distal tendon of the gracilis mass). A few Diplasio- 
coela retain the uniformly procoelous vertebral column of the 
Procoela, but their thigh musculature remains specialized as 
evidence of their relationship. The Diplasiocoela include the 
most specialized of all Salientia. They are all firmisternal, 
without ribs, and therefore differ strikingly from most other 
Salientia except the Brachycephalidae. The latter are purely 
neotropical, and as the genera of Brachycephalidae are well 
defined, they should not be confused with the Diplasiocoela. 

The suborder is cosmopolitan but each of the three families 
seems to have had its own center and time of dispersal. The 
Ranidae represents the most primitive stock. It gave rise 
on one hand to the Polypedatidae and on the other to the 

Brevicipitidae. 
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Family 1. Ranidae.— The true frogs are the most primitive 
Diplasiocoela. They are distinguished from the other two 
families in the suborder by their cylindrical or slightly dilated 
sacral diapophyses and digits without intercalary cartilages 
(Fig. 50). Ranids are primarily Old World frogs. Only one 
genus, Rana, reaches America. No ranid is found in Australia, 
except a representative of the same genus. Africa seems to have 
been a center of difTerentiation for ranids. Four of the six 
subfamilies are confined to this region. Ihe other two are 
either peculiar to southern Asia, the Fast Indian and Polynesian 
islands, or are found in this region and in Africa. Rana is known 
as a fossil from the Pliocene and later formations of Furope. 
Probably other described fossils, such as Ranavus and Aspherion, 
are not generically distinct from Rana. d he fossil record throws 
very little light on the origin of the many genera of Ranidae. 
Emphasis must necessarily be laid on the anatomical characters 
in seeking relationships. 

Subfamily 1. Arthrolepiinae—SmaW African ranids possess- 
ing horizontal pupils and lacking vomerine teeth. Arthroleptis 
and Phrynobatrachus are almost identical with Rana except for 
their small size and dentition. They are widely spread over 
Africa and are represented by many species. Cardioglossa of the 
rain forest and Schoutedenella of the Katanga, Africa, have 
apparently arisen independently from different stocks of Arthro- 
leptis by a loss of their maxillary teeth. Dimorphognathus is 
closely related to Arthroleptis batesii, but the male possesses long 
pseudoteeth on the mandible (Fig. 40, B). Two of the six 
genera of Arthroleptinae are said to exhibit a cartilaginous 
instead of a bony sternum. This distinction may not prove to be 
a good one, for in most of the small species the sternum is more 
or less cartilaginous, while in the large species it tends to be bony. 
In most forms the sternum is short, but in the recently described 
Arthroleptella it is long and bony. This genus seems to be 
hardly distinct from Arthroleptis. 

The Arthroleptinae represent a natural group of genera in 
spite of the differences of dentition or ossification of the sternum. 
In some species of Arthroleptis, in Schoutedenella (Fig. 170) and 
in Cardioglossa the third finger of the male is greatly elongated. 
This secondary sexual character is not found elsewhere in the 
Amphibia. Just as in Rana, some species of Arthroleptis and 
Phrynobatrachus have their digit tips more or less dilated. 



516 


THE BIOLOGY OF THE AMPHIBIA 


Correlated with this, the terminal phalanges may be more or less 
T-shaped. Every intergrade exists between the extremes. The 
pectoral girdle exhibits either a A-shaped or an unforked 
omosternum. The vertebral column is sometimes entirely 
procoelous. The range of variation in Arthroleptis and Phry- 
nobatrachus is closely paralleled by that in the genus Rana, 
except that the vertebral column is never normally procoelous 
in any species of Rana. 

Arthroleptis and Phrynobatrachus form one of the dominant 
elements in the frog fauna of Africa. They are tiny frogs which 


% 


Fio. 170. — Schoutedcnella globosa, male with the elongate fingers characteristic of 

his sex. 



hop about on the forest floor or among brush in the more open 
country. The eggs of two species of Phrynobatrachus are known. 
They are laid in pools while one species of Arthroleptis (steno- 
dactylus) lays its eggs in shallow burrows on land. When the 
life histories of more species are known it may be possible to 
distinguish Phrynobatrachus from Arthroleptis on the basis 
of life-history differences. 

Subfamily 2. Astylosterninae . — West African ranids of 
average size, having a vertical pupil, a bony omosternum forked 
posteriorly, a broad cartilaginous or calcified sternum, and 
usually broad, calcified coracoid cartilages (“epicoracoid carti- 
lages”). Three of the four genera have the terminal phalanges of 
two or more toes bent sharply downward and perforating the 
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integument. The subfamily includes three monotypic genera 
from Spanish Guinea and the Cameroons: Scotobleps, Nyctibates, 
and Gampsosteonyx; also a fourth genus containing three 
species, all from the same region. The latter genus, Astylo- 
sternus, includes the famous “Hairy P>og,” A. rohustus, a species 
with a peculiar growth of villous processes in the male (see page 
164). 

There can be little doubt but that the Astylosterninae embrace 
a natural group of closely related species (Noble, 1924a). It is, 
therefore, interesting to note the evolutionary change which has 
taken place within this subfamily. The primitive Nyctibates 
and Scotobleps have the toes three-fourths webbed, the more 
specialized Astylosternus, slightly webbed, and Gampsosteonyx, 
free. In Nyctibates the terminal phalanges of both fingers and 
toes are simple and only slightly curved. In Scotobleps the 
fingers are as in Nyctibates, but the terminal phalanges of the 
second and third toes are long, sharpl}" pointed, and bent down- 
ward at almost a right angle (Fig. 30). The points of these 
extraordinary “claws’' may or may not perforate the integument 
of the toe tip. In Astylosternus robustus three toes arc bent in the 
same peculiar way, only the first and fifth retaining terminal 
phalanges of the usual form. In Astylosternus diadematus the 
terminal phalanges of all five toes are slightly bent and perforate 
the derm; those of the fingers are slightly curved and sw^ollen at 
the tips but not very different from the finger phalanges of 
Nyctibates. In Gampsosteonyx the toes are modified exactly 
as in A. diadetnaius. Just distal to the bent phalanges of 
Astylosternus, Gampsosteonyx, and apparently the others, there 
is embedded in the digit tip a nodule of bone which, to judge 
from its position, may have had its origin in the same blastema 
as the phalanges. 

These extraordinary bent phalanges of the Astylosterninae are 
found elsewhere among Salientia only in certain African species 
of Rana {R. mascareniensisj R. christyi, etc.), where in all proba- 
bility they had an independent origin. It is difficult to imagine 
any function for these structures. It is possible that they could 
give their owners a surer grip before leaping. But if so, w'hy is 
the perforation of the derm such a haphazard matter? On 
further study the impression grows that these are abnormal 
structures carried along by the species, because they are not 
actually detrimental to the existence of their owners. Whatever 
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is the functional significance of these structures, it is important 
to note their genesis. They did not evolve gradually in the 
phylogenesis of the group, but first two toes, then three, and then 
five were fully transformed. 

Nothing is known of the detailed habits of the Astylo'sterninae. 
All the species are apparently forest frogs, and A, rohustus at least 
must frequent mountain streams, for its tadpole is modified for 
life in swift streams. Scotobleps, however, has a tadpole of the 
poUiwog type. The dermal papillae surround its mouth only 
below and on the sides, while the larval tooth formula is 1, 1-1, 
1-1 // 1 - 1 , 1 - 1 , 1 . 

Subfamily 3. Phrynopsiriae, — Small Rana-like African frogs 
with horizontal pupils and vomerine teeth but a cartilaginous 
unforked omosternum and sternum. Phrynopsis is readily 
recognized by its large head with elongated, spike-hke teeth. 
Leptodactylodon has a small head and slightly dilated digital 
discs. The elongated teeth of Phrynopsis are single pointed, not 
bifid as those of Rana. Such teeth appear elsewhere in the 
Salientia; chiefly in the large-headed forms such as the larger 
species of Ceratophrys or in a few broad-headed forms, as 
Leptopelis brevirostris (see page 125). 

Phrynopsis is known from two species: houlengeri of Mozam- 
bique and verUrimaculata of the Cameroons. Leptodactylodon 
is represented by three species, all confined to the Cameroons. 
None of the species is common in collections. 

Subfamily 4. Raninae. — Ranids with a bony sternum, pointed 
or slightly dilated digit tips, no discs on either the upper 
or lower surfaces of the digital dilations when the latter are pres- 
ent. The Raninae include Rana and its close allies. Several 
of these have been described as possessing a cartilaginous 
sternum. It is nevertheless bony in adult specimens. The 
Raninae have the same extensive range of the family. This is 
because the subfamily includes the widespread Rana. The other 
six genera of Raninae have a very local distribution either in 
Africa or in southern Asia and the adjacent islands. 

It is uncertain which genus of the subfamily approaches most 
closely to the stock from which the Raninae were derived. 
Nevertheless, all the genera may be defined by contrasting them 
with Rana. Nyctibatrachus is a small Rana with a vertical 
pupil. It has small discs and a slightly forked bony omosternum. 
Nyctibatrachus is known from four species, all Indian. Nanno- 
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batrachus includes a single species inhabiting Malabar, It may 
be described as a small Rana having a squarish pupil. Nanno- 
phrys embraces two small chunky species from Ceylon. These 
have a cartilaginous omosternum (bony sternum) and slightly 
dilated sacral diapophyses; otherwise they are identical with 
Rana. Oreobatrachus is merely a Bornean species of Rana 
which has lost the vomerine teeth. A parallel change has 
occurred in certain Asiatic and Central American species of Rana 
but these are not considered distinct genera. Oreobatrachus 
differs, however, from Rana in having a weak ridge between the 
Eustachian tube openings and a tongue less prominently notched 
posteriorly. It is a matter of opinion whether these can be 
considered valid generic differences. In fact, all of the small 
genera seem to be merely local specializations of a Rana stock. 

The well-known water frog Oxyglossus, now known by the 
name of “ Ooeidozyga,” seems at first glance to be merely 
another case of a Rana without vomerine teeth. Its sternum 
in the adult is bony and the omosternum is bony and A-shaped, 
But its tongue is entire and pointed posteriorly except in the 
recently described semipalmata and sometimes in laevis. The 
notched tongue of these species represents a distinct approach to 
Oreobatrachus. Further, tw'O species of Ooeidozyga have the 
same type of tadpole, readily distinguished from that of any 
species of Rana by its peculiar mouth (lips small, papillae 
and teeth absent, and dorsal fin folded to varying extent). 
Ooeidozyga has a wide range from southern China and the 
Philippines to Bengal and the western part of the Indo-Australian 
Archipelago, including Borneo and the Celebes. 

Two large African frogs seem closely allied to one another and 
closely related to Rana. Gigantorana, which includes only the 
largest frog in the world, goliath^ is perhaps not generically distinct 
from Rana, It differs, however, in that the coracoid cartilages 
(“epicoracoids”) anterior to the coracoids are only weakly calci- 
fied. Its toes are extensively webbed and end in thick dilations. 
Conraua, also known from only a single large species restricted 
to the Cameroons, as in the case of goliath, has the same weakly 
calcified coracoid cartilages and extensively webbed toes tipped 
with thick dilations. Conraua differs from Gigantorana in its 
small tongue, unnotched posteriorly. 

The enormous genus Rana has spread over the entire world 
except the southern part of South America, the southern and 
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central parts of Australia, New Zealand, and eastern Polynesia. 
Numerous species of Rana occur in each continent except South 
America and Australia, The species agree well in general body 
form, although some are fossorial, others primarily aquatic, and 
still others terrestrial. The skeleton does not remain uniform 
throughout this series. This is especially true in Africa where 
some species assigned by Boulenger (1918) to a separate sub- 
genus Ptychadena have the clavicles greatly bent and closely 
approaching the coracoids. Another group of species, many of 
which are borrowers, have the clavicles similarly bent and 
extremely narrowed. They are placed by Boulenger in another 
subgenus, Hildebrandtia. It is possible that these subgenera 
represent natural groups of species. In other genera, however, 
natural groups of species may also be picked out. The use of the 
subgeneric names has not yet become a practice in herpetology, 
and for the sake of uniformity they are not used here. 

Three of Boulenger’s subgenera of Rana from the East Indian 
and Asiatic regions have been raised to genera, for, although 
they are only slightly different from Rana, they represent 
the first divergence of a stock which eventually gave rise to the 
Polypedatidae. They are placed in a subfamily distinct from the 
Raninae in order better to represent this divergence. It is, 
therefore, not so much the degree of structural divergence as 
the mutual relationships which determine the final taxonomic 
assignment of a species. 

The recently described Altirana is a Rana with broad, partly 
ossified sternum, a cartilaginous omosternum, a slightly notched 
tongue, and no vomerine teeth. It is known only from Tingri, 

Thibet. 

Subfamily 5. Petropedetinae . — African ranids with a pair 
of dermal scutes on the upper surface of each digit tip. The 
two genera in the subfamily are readily distinguished by their 
size and palates. Arthroleptides is much larger than Petro- 

pedetes and lacks the vomerine teeth. 

The skeleton of the Petropedetinae agrees closely with that 
of the Raninae. The omosternum is bony and either entire 
or slightly forked posteriorly. The terminal phalanges are T- 

shaped. r u d + 

Dermal scutes apparently identical with those of the Pe ro- 

pedetinae have been redeveloped in one of the subfamilies o 
Brachvcephalidae. This adds one more to the many cases o 



RELATIONSHIPS AND CLASSIFICATION 


521 


parallel evolution in the Salientia. Incipient scutes (grooves) 
are found in certain brevicipitids and bufonids. They have 
no known function. 

Arthroleptides is known from a single species, martiensseniy 
from Tanganyika Territory. Petropedetes is believed to include 
five valid species from the Cameroons and Sierra Leone. The 
latter show considerable diversity in the extent of digital webbing. 
Very little is known of the habits of these frogs. The ovarian 
eggs of P. palmipes are under a millimeter in diameter and 
densely pigmented. This suggests that the eggs are laid in the 
water. The tadpole of one species has been described. 

Subfamily 6. Cornuferinne . — Kanidae with digit tips more 
or less dilated and showing, either as a groove around the edge 
or as a complete disc on the ventral surface of each, some indica- 
tion of the friction pad which characterizes the digital dilation 
of Polypedates. The 10 genera which compri.se the Cornu- 
ferinae extend from Southern China, the Philippines, the Fijis 
and Solomons, westward across New Guinea and the Indo- 
Australian Archipelago to India; one genus, Hylarana, reaching 
Africa and northern Australia. The Cornuferinae have arisen 
from Rana in different parts of the range. They represent 
a very uniform group. Some of the genera apparently grade 
into others, making the limits of these groups almost impossible 
to define. 

The widespread Hylarana is most closely allied to Rana and 

may not represent a natural group. It retains an unforked 

omosternum, as do most species of Rana. Its toes and usually 

the fingers have the upper surface of the digital dilations separated 

from the lower by a groove. Its tadpole and life history agree 

closely with those of Rana, although one species lays its eggs out 

of water, the beginning of an egg-lajdng habit which characterizes 
Polypedates (see page 66). 

Micrixalus is merely a group of small species of Hylarana 
lacking vomerine teeth. Micrixalus is known from eight species 
distributed from Hainan and the Philippines to India. It grades 

into Staurois and differs from some species of that genus only in 
its Rana-like tadpole. 

Staurois, as recently defined by Boulenger (1918a), would 
differ from Hylarana and Micrixalus only in that the friction pad 
on the ventral surface of each digital dilation is completely 
surrounded by a groove. An examination of these pads under a 
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high magnification reveals that this distinction of incomplete 
vs. complete pads breaks down entirely. The cross-groove 
may be present or absent in different specimens of Staurois 
hainanensis. S. natator and S. tuherlinguis frequently lack 
the cross-groove, which is usually present in S. nuhilis. On 
the other hand, on turning to the life history it is found 
that all species of Staurois recognized by Boulenger and some 
species of ‘^Hylarana” have a highly specialized mountain- 
brook tadpole. In no other Salientia is there developed a large 
adhesive disc on the ventral surface of the tadpole^s body just 
posterior to the mouth. It is shown above (page 62) that 
specialized larval structures may point as surely to species 
relationship as specialized adult structures. It is, therefore, 
advi.sable to redefine the genus Staurois in order that it may 
include all species having this same distinctive tadpole. Staurois 
may be considered to include a large series of species from 
Hainan, the Philippines, Borneo, and the Malay Peninsula, 
Sumatra, Java, Burma, and Siam. These have an unforked 
(or slightly notched) omosternum, nasals separated from each 
other and from the frontoparietal, and tadpole with a large, 
adhesive belly disc. The vomerine teeth may be present or 
absent; the friction discs on the ventral surface of the digital 
dilations may be completely or incompletely surrounded by a 
groove. In most features (pupil form, digital webbing, etc.) 
Staurois agrees with Hylarana. Under this definition many 
species formerly referred to Hylarana are placed in the genus 
Staurois. This applies to whiteheadiy livida, cavitympanurriy 
hosiiy jerboay afghana, etc. 

Although Staurois in its skeleton approaches most closely to 
Polypedates and may have given rise to that genus, another group 
of Cornuferinae parallel Staurois in the development of a partial 
or complete friction pad. These genera differ from Hylarana, 
Micrixalus, and Staurois in their omosternum, which is forked 
posteriorly. The least specialized of them seems to be Platy- 
mantis, which has only a lateral digital groove as in Micrixalus. 

It differs from the latter in its larger size, persistent vomerine 
teeth, and forked omosternum. Further, its toes are free or 
slightly webbed. The digital dilations of Platymantis may be 
very small. One species, solomonis, has the lateral groove only 
on the toes, the finger tips lacking it entirely. It is very like y 
that Platymantis arose directly from Rana and has no relation- 
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ship to Micrixalus. It has a wide distribution in the Philippines, 
Halmahera, Kei Islands, New Guinea and neighboring islands, 
New Britain, the Solomons, and the Figis. 

Discodeles of the Solomon Islands and the Fijis differs from 
Platymantis only in that the tongue b(‘ars an obtuse papilla in 
its center and that the toes are extensively webbed. In C'ornufer 
the digital dilations are much larger than in either Platymantis or 
Discodeles and the friction pads are complete, that is, a cross- 
groove marks off a disc on the ventral surface of each dilation. 
Cornufer has, therefore, attained the same type of digital pad 
specialization found in Staurois and Polypedatcs. It is not 
closely related to these genera, for its toes are only slightly 
webbed, its omosternum is forked, and its nasals are large 
and in broad contact. Cornufer is found in Burma, the Philip- 
pines, Borneo, and the Solomon and Fiji Islands. 

Ceratobatrachus was referred in earlier classifications to a 
distinct family of its own, for it was supposed to possess teeth on 
the lower jaw. These so-called “teeth” are merely excess 
bony growths of the lower jawbones. A similar modification has 
occurred in various families of Salient ia. Ceratobatrachus 
guentheri is obviously related to Platymantis solomonis. They 
are both large-headed species with small discs and short webs 
between the toes. Their shoulder girdles are essentially alike. 
The skulls differ, however, for Ceratobatrachus has a secondary 
deposit of bone roofing the squamosal and ethmoid regions. 
Pseudoteeth appear on the lower jaw but no odontoids are present 
on the palatine, as in most frogs which have undergone a similar 
specialization. There is hardly any more difference between 
Ceraiobatrachus guentheri and Platymanhs solomonis than between 
the species of Chiroleptes or Ceratophrys having a complete 
secondary skull roof and those species of the same genera without 
this bony elaboration. Ceratobatrachus, however, has gone 
farther than these forms in the development of pseudoteeth along 
the lower jaw. Both gueniheri and solomonis occur in the same 
locality. The former is confined to the Solomons. 

The life history, as far as it is available, confirms the relation- 
ship as outlined above. Guentheri and solomonis have large eggs. 
Discodeles and Cornufer practice direct development (see page 
64), and the encapsuled froglet before hatching is characterized 
by certain apparently distinctive structures. 
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There remain in the Cornuferinae three monotypic genera to 
discuss. All of these are very rare, disced species allied to 
Cornufer but lacking vomerine teeth and webs between the toes. 
Batrachylodes of the Solomons, like many other species which have 
lost the vomerine teeth, is a dwarf form. Simomantis of Borneo 
seems to be a Staurois with webbed fingers. Its omosternum is 
unforked, and vomerine teeth are absent. It has a typical 
Polypedates pad on the ventral surface of the digits and also 
a groove on the dorsal surface. Palmatorappia of the Solomons 
seems to be a case of parallel evolution in a different stock, 
namely in Cornufer or an allied genus. Its omosternum is 
forked. It may be described as a Cornufer with extensively 
webbed fingers and toes. 



Fig. 171. — Polypedates dennysi. a tree frop of southcaBtern China. 


Family 2. Pol 5 rpedatidae. — The diplasiocoelous frogs with 
cylindrical sacral diapophyses and intercalary cartilages represent 
very probably a natural family which has evolved from the Ran- 
idae in much the same way that the Hylidae did from the Bufoni- 
dae. They are distinguished from ranids only by the presence 
of the intercalary cartilage. The 13 genera in the family are not 
regrouped into subfamilies, for they represent too uniform a 
stock. The Polypedatidae inhabit southern Asia, Japan, the 
Philippines, the East Indian Islands, Africa, and Madagascar. 

It has been frequently claimed that the Polypedatidae do not 
represent a natural group but that ranid stocks in different par s 
of the world have independently developed an intercalary carr- 
iage. This is certainly not true in Africa, where Chiromantis, 
Leptopelis, Hylambates, Hyperolius, Megalixalus, and Kassina 
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show in their skeletal and external anatomy closer affinity to one 
another than to any other African ranids. Further, the Mada- 
gascan Mantidactylus, Aglyptodactylus, Hemimantis, and Man- 
tella are very closely allied and seem to have arisen from the same 
polypedatid ancestor as the African genera. Polypedates 
(Fig. 171) differs anatomically from Staurois (as defined here) 
only in the presence of the intercalary. But it differs remarkably 
in life history and it is not improbable that the resemblance may 
be due to convergent evolution. Whether or not Polypedates 
arose from Staurois, the anatomical evidence at present available 
points toward the Polypedatidae as being a natural group. 

Most of the Polypedatidae are tree frogs. A few have given up 
their arboreal habit and have returned to the sod while retaining 
almost the entire digital adhesive mechanism of their relatives 
(see page 95). 

The most primitive genus in the family is the widespread 
Polypedates which inhabits the entire range of the family except 
Africa. It has a horizontal pupil, an entire or slightly notched 
omosternum, and a long, bony sternum. Its terminal phalange, 
may be either bluntly or broadly Y-shaped. Philautus has 
arisen from Polypedates in many parts of its range by that ofts 
repeated process, a loss of the vomerine teeth. Most species of 
Philautus are small and have the metatarsals more or less united- 
while the species of Polypedates are larger and usually have 
more distinct webs between the metatarsals. Phrynoderma is a 
Burman Polypedates which has lost its vomerine teeth and 
reduced its tongue until it lacks any suggestion of a notch behind. 

The African Chiromantis is very closely allied to Polypedates, 
differing only in that the two inner fingers diverge more from the 
others than do those of Polypedates. Chiromantis is a tree 
frog and has the same breeding habits as Polypedates. Lep- 
topelis, represented in Africa by many arboreal and some 
disced terrestrial species, differs from Chiromantis in its vertical 
pupil, less diverging fingers, and claw-shaped phalanges, Hylam- 
bates has developed a broadly A-shaped omosternum and 
Its sternum has changed into a broad cartilaginous (or calcified) 
plate. It retains the vertical pupil and claw-shaped phalanges 
of Leptopelis, Megalixalus may be described as a Hylambates 
which has lost its vomerine teeth. The widespread and dominant 
genus Hyperolius (Rappia of authors) is merely a Megalixalus 
with horizontal pupil. Lastly, the terrestrial Kassina is merely 
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a Hylambates with very small (apparently absent) digital 
discs. A close parallel occurs in the terrestrial species of Lep- 
topelis. The widespread K. senegalensis has a small tongue 
and frequently lacks vomerine teeth. This has led to its being 
described several times as a “new genus and species.” It is 
remarkable that the arboreal and terrestrial species of Leptopelis 
retain the same skeletal organization and differ only in the 
extent of the digital dilations. A close parallel, however, occurs 
in the species of Hyla. 

The Madagascan genera exhibit even a closer affinity to one 
another than do the African genera. Polypedates has reached 
Madagascar and has apparently given rise to Mantidactylus by a 
reduction in width of the terminal dilations and by increasing the 
notch in the omosternum until it formed a A. Mantidactylus 
retains the same specialized pads of Polypedates, with ventral 
and lateral grooves as in the latter. It is sometimes said that 
Mantidactylus is merely a Rana which has developed an inter- 
calary cartilage. But the discs of Mantidactylus with ventral 
pads marked off by a groove do not occur in Rana. Further, the 
skull of Mantidactylus, with its small widely separated nasals 
and broadly exposed ethmoids, is characteristic of Polypedates. 

Aglyptodactylus, including Gephyromajitis, is a Mantidactylus 
with the metatarsals bound together. It retains the same 
femoral glands (Fig. 42, A), a typical secondary sexual character 
of Mantidactylus. Hemimantis is a Gephyromantis without 
vomerine teeth. Mantella, the most disputed genus in the 
series, is a Hemimantis which has lost the maxillary teeth and 
reduced the webs between the toes. Mantella has been referred 
to the Ranidae and to the “ Dendrobatidae” by various authors. 
Its true affinities are, however, disclosed by its skeleton. It 
possesses an intercalary cartilage, Y-shaped terminal phalan- 
ges, A-shaped omosternum, and narrow bony sternum. The 
terminal dilations, although small, agree in detailed structure with 
those of Polypedates. The webs between the toes may be very 
short or absent. In the Hylidae certain genera such as Acris 
and Hemiphractus have become secondarily adapted to terrestrial 
life. Their digital dilations are reduced greatly in size but 
retain the skeletal and histological detail of the broadest hylid 
pads. Similarly, the polypedatid Mantella may be considered 
a terrestrial tree frog, for its pads, although small, agree with those 
of Polypedates. 
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Family 3. Brevicipitidae. — The narrow-mouthed toads form 
a large group of often specialized forms distributed throughout 
the Americas, Africa and Madagascar, southern and eastern 
Asia, and the adjacent islands including the whole of the Indo- 
Australian Archipelago, two genera reaching Queensland. The 
less specialized genera agree closely with the Ranidae, differing 
only in the more dilated sacral diapophyses. The Brevicipitidae 
represent a natural group of genera except for two subfamilies, the 
Cacosterninae and the Hemisinae, which seem to have arisen 
independently from African ranids. All other brevicipitids 
either pass the larval stages within the egg capsule or hatch out 
to form a very distinctive tadpole with a median spiracle, a 
toothless and expansible mouth, and no external nares until just 
before metamorphosis. 

The brevicipitid toads exhibit the greatest range of skeletal 
modification found in any family of Salientia. Different stocks 
have often undergone a rapid and parallel evolution, making it 
extremely difficult to recognize natural groups of genera. The 
more primitive genera might be considered ranids with the sacrum 
more or less dilated, but they differ from most ranids in their 
heavy build, large vomers, and ridged palate. The last feature is 
remarkably constant throughout the family, only a few genera 
lacking the ridges. These ridges are usually described as a pair 
of glandular folds, one bounding the entrance to the oesophagus 
and the other, smaller and anterior to this, on the roof of the 
palate. Sections reveal that neither is more glandular than the 
adjacent palate. Both owe their character to a projecting fold 
of the connective tissue underlying the mucosa. They may 
serve as pads which strengthen the grip on struggling prey. At 
least they are not to be confused with the palatine glands which 
empty near the internal nares. Similar ridges are not found 
paired in any ranid and, therefore, usually serve as a ready means 
of identifying the more ranid-like brevicipitids. 

The more specialized brevicipitids have lost their teeth and 
all the ventral elements of the shoulder girdle (Fig. 172) save the 
coracoids. Their heads and feet may be variously modified for 
arboreal or fossorial life. Brevicipitids in the Asiatic, East 
Indian, and Malagasy regions seem to have independently 
run through a series of structural changes, often parallel in the 
three regions. In arranging the genera in subfamilies it is very 
difficult to distinguish between groups showing the same grade of 



528 


THE BIOLOGY OF THE AMPHIBIA 



evolution and groups which have descended from a common 

ancestor. The present arrange- 
ment, although not entirely 
satisfactory, will serve to iden- 
tify the more conspicuous 
groups of genera. Three genera 
have been placed in separate 
monotypic subfamilies. When 
the anatomy of other Brevici- 
pitidae becomes better known, 
they will probably be grouped 
with other genera, but at the 
present moment their immedi- 
ate relationships are unknown. 

Subfamily 1. Dyscophinae. 
— Brevicipitids with large, en- 
tire prevomers, surrounding the 
internal nares except on the 
outer side; omosternum, clavi- 
cles, procoracoids, and sternum 
present. Dyscophus of Mada- 
gascar and Calluella of Suma- 
tra, India, and southern China 
are the most primitive genera. 
They agree in having large pre- 
vomers with the teeth arranged 
in a transverse row behind the 
internal nares. The sacrum in 
these genera is only slightly 
dilated, the omosternum is 
small. They possess maxillary 
teeth and resemble the semifos- 
sorial species of Rana in general 
appearance. From these two 
stocks there has arisen in differ- 
ent regions a host of genera. 
Only three of these derived 
genera have diverged so slightly 
from the ancestral stocks that 
they are grouped in the same subfamily with them. 




Fio. 172. — Reduction of the pectoral 
girdle in the breviciptid toads. A. 
Microhyla pulchra. B. KaXoula rer- 
rucosa. C. Kalophrynua pleuroatigma. 
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Callulina, known only from kreffli of Tanganyika Territory, is 
a toothless form which retains the large prevomers of Dyscophus. 
Its omosternum and sternum are cartilaginous but well developed. 
Its sacrum is much expanded and the terminal phalanges are T- 
shaped. It represents the primitive brevicipitid stock in Africa. 

The two Aladagascan genera Pseudohemisus and Scaphio- 
phryne are outwardly very different from Dyscophus but they 
retain the undivided prevomer of that genus. Maxillary teeth 
are lacking in both, and the prevomer forms a posteriorly directed 
process which partially overlies the palatine (see Noble and 
Parker, 1926). In Pseudohemisus the clavicle is a narrow splint 
reaching the scapula and midline of the girdle, while in Scaphio- 
phryne it is further reduced and does not reach the midline 
The former genus lacks, the latter possesses, digital dilations. 
The former includes four species, the latter, only one. 

Dyscophus is one of the most distinctive of all Salientia. It 
is known from six species, most of which when fully adult are 
large and tinged with bright purplish red. This color is very 
unusual among Salientia, and it is perhaps not mere coincidence 
that Calluella, Calliglutus, and a few other brevicipitids are 
similarly tinged, though to a lesser degree. It is interesting to 
note that Calluella and Dyscophus are more closely allied to 
each other than either is to Callulina. This would seem to afford 
evidence of a former Indo-Madagascan connection at some earlier 
time (see page 452), whether or not this connection ran via Africa. 

Subfamily 2. Rhombophryninae. — Brevicipitidae with the 
prevomers of each side divided into two pieces, the posterior 
overlying the palatines (apparently replacing it in Anodontohyla 
and Stumpffia), The Rhombophryninae are peculiar to Mada- 
gascar. They apparently arose from Dyscophus-like ancestors, 
although some genera are equipped with very large adhesive finger 
discs (Fig. 173) and others have simple toes without pads. 
Within this single subfamily confined to a limited area there has 
developed arboreal, terrestrial, and fossorial types, none of which 
shows a close affinity to genera living on the mainland of Africa 
or Asia. That the Rhombophryninae actually represent a single 
closely allied group of genera is shown by their palatal bones. 
In no other Salientia are the prevomers divided into two parts. 
The only other Amphibia which exhibit a similar splitting of the 
prevomers are the Plethodontidae, which are obviously a natural 
group of genera. The posterior part of the prevomer overlies 
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the palatine, not the parasphenoid as in the plethodontids. The 
teeth on these posterior prevomers have been called “palatine.” 
As a matter of fact, true teeth are never found on the palatine 
bones of any Salientia. 

The genera of Rhombophryninae are best distinguished by 
comparing their skull and pectoral girdle elements. Mantipus, 
Platyhyla, Platypelis, and Plethodontohyla retain the maxillary 
teeth, and their posterior prevomer is a broad transverse plate 
overlying the palatines. In Plethodontohyla the clavicles are 



Fio. 173. — Brcvicipitid toads. The Brevicipitidae exhibit a wide range of 
adaptive radiation. Some species, such as Platyhyla verrucosa (/I) of Madagas- 
car are arboreal and have large adhesive discs. Many, such as the American 
Gastrophryne carolinensis (B), are fossorial, and have narrow, pointed heads and 
rotund bodies. 

absent; in the others, present. Mantipus retains the complete 
clavicle of Dyscophus, while in Platyhyla and Platypelis it is 
reduced and does not reach the scapula. Platyhyla retains a 
complete row of vomerine teeth, while in Platypelis the vomerine 
teeth are restricted to the mesial end of the posterior prevomer. 
The most distinctive genus in this series is Platyhyla, with its 
enormous discs and hyla-like appearance (Fig. 173, A), 

The remaining genera of Rhombophryninae are more easily 
distinguished than the preceding. Rhombophryne is a little 
loadlike creature with a peculiar warty face (Fig. 34, R). It 
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lacks maxillary teeth, but the posterior prevomers bear toothlike 
structures on their whole width. The clavicle is lacking and the 
procoracoid is reduced to a narrow slip not resting on the cora- 
coid. Cophyla is a very small tree frog with large digital dila- 
tions. It retains maxillary teeth, but the posterior prevomers are 
fused in the midline to form a small dentigerous plate. Anodon- 
tohyla and Stumpffia are recognized by their small first (inner) 
finger. In both these the clavicles and procoracoids are present 
as in Dyscophus, but in Stumpffia the clavicle extends only two- 
thirds the length of the procoracoid. Anodontohyla possesses 
maxillary teeth, and Stumpffia, which is a very small form, lacks 
them. In both Anodontohyla and Stumpffia the prevomer is 
small, closely pressed to the mesial side of the internal nares, and 
without teeth. This suggests that the posterior part has been 
lost or fused to the palatines. Neither genus is closely related to 
any other member of the subfamily, and it is perhaps doubtful 
if they should be included in the same group with the other genera, 
which apparently represent a natural series. 

Subfamily 3. Sphenophryninae . — Brevicipitidae with the char- 
acters of the Dyscophinae, except that the omosternum is 
lacking. The Sphenophryninae range from the Philippines, 
Borneo, and the Celebes through New Guinea to northern 
Queensland. Two of the four genera are restricted to New 
Guinea. The Sphenophryninae were obviously derived from 
Dyscophinae and apparently from Calluella, which they approach 
closely in structure. 

Liophryne of New Guinea seems to be the most primitive. It 
approaches Calluella closely in body form. The prevomers have 
the same extent as in Calluella but the vomerine teeth of the latter 
are replaced by a single row of small odontoids. Maxillary teeth 
are absent. 

The other genera in the subfamily were described as lacking 
the vomerine teeth. All, however, have a sharp, crenulated ridge 
across the posterior edge of the prevomers. In some species of 
Sphenophryne the ridge is lacking, but in others it simulates a 
row of small teeth. Sphenophryne is identical to Liophryne 
except that it lacks thevomerine odontoids and usually has larger 
digital dilations. The large L. rhododactyla^ however, has a large 
calcified omosternum. Oxydactyla, known from a species con- 
fined to New Guinea, is a Sphenophryne without digital dilations, 
the terminal phalanges being simple. Oreophryne is merely a 
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Sphenophryne with clavicles tilted at a sharp angle to the cora- 
coids and not reaching the scapulae. 

It is interesting to note that a modification of the clavicles, 
identical to that of Oreophryne, has occurred in a very dif- 
ferent stock of brevicipitids. The South American Chiasmocleis 
differs from Hypopachus of the same region by its short procora- 
coids and clavicles set at an angle to the coracoids as in the case of 
Oreophryne. 

Sphenophryne and Oreophryne represent the dominant brevi- 
cipitids of the East Indies. Each is represented by 10 or 12 
species. Some species of Oreophryne practice direct develop- 
ment (as in the case of all East Indian brevicipitids, as far as 
known), but one species of Sphenophryne is said to pass through 
the tadpole stage. 

Subfamily 4. Cacopinae , — Brevicipitids with the prevomers 
surrounding the internal nares as in the Dyscophinae; the 
omosternum, clavicles, and procoracoids (except in Colpoglossus) 
absent. The Cacopinae seem to have arisen partly in the East 
Indies from the Sphenophryninae and partly in southern Asia 
from Dyscophinae. They have a broad distribution throughout 
southern Asia and the Indo-Australian Archipelago. 

The most primitive genus of Cacopinae seems to be Colpog- 
lossus, of Borneo. It retains true teeth on the maxillaries and in a 
long row across the prevomers as in Calluella and Dyscophus. 
The digits are without discs but the terminal phalanges are bluntly 
T-shaped. The sacrum is only slightly dilated. The body form 
is depressed as in Calluella. The pectoral girdle is more primi- 
tive than in other Cacopinae, for a distinct rudiment of the pro- 
coracoid cartilage is retained. Colpoglossus is specialized in 
that the posterior part of the tongue is tightly bound to the mid- 
dle of the floor of the mouth. This makes the posterior edges of 
the tongue curl over to form a shallow pocket. In Glyphoglossus 
among the Cacopinae and in many other subfamilies of brevici- 
pitids, a parallel modification has occurred, except that in these 
the whole median portion of the tongue is usually tightly fixed, 
producing a crease for the greater part of its length (Fig. 174). 

Calliglutus of Borneo is apparently identical to Colpoglos- 
sus, except that the tongue is not creased and the body is less 
depressed. 

The two burrowing toads of India, Cacopus and Glyphoglossus, 
are closely related. The maxillaries are toothless and the pre- 
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vomers are very similar in the two forms. In Glyphoglossus the 
prevomers are studded with two or three bony swellings of which 
the posterior mesial ones form a pair of rounded projections. In 
Cacopus these same processes are present but longer and pointed. 
In life they are covered with pigmented mucosa. The palates 
are otherwise identical in the two genera. The chief difference 
between Glyphoglossus and Cacopus lies in the tongue, which is 
modified in the former as in Colpoglossus except that the pocket 
extends forward as a median groove or fold to the anterior part 
of the tongue. As already pointed out, this is a modification 
which has cropped up many times in the Brevicipitidae. 



Fio. 174. — Head of Glyphoglossus molossus, showing the grooved tongue charac- 
teristic of various brevicipitida. 


The remaining genera of Cacopinae seem very closely related. 
The widespread Phrynomantis (Hylophorbus of authors) appears 
to be the central type. It ranges from the Philippines to New 
Guinea and Australia. It has a crenulated ridge across the 
posterior margins of the large prevomers. The usual soft ridges 
across the back of the roof of the mouth are present. It has 
digital dilations, T-shaped terminal phalanges, but no webs. 

Copiula of New Guinea differs from Phrynomantis in its slightly 
more pointed head and in lacking the anterior of the two soft- 
palatal ridges. This is hardly a generic difference in view of the 
extreme variability of the ridge in many other brevicipitids. 
Cophixalus, of New Guinea, has a palate similar to Copiula but 
its toes are slightly webbed. Here, again, the question is raised 
of whether this can be considered a generic difference. Both 
genera are represented by only a single species (possibly two in 
Copiula), If these forms were not rare species coming from a 
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little known country, they probably never would be considered 
types of distinct genera. 

Choerophryne, also known from only a single New Guinean 
species, may be considered a Phrynomantis with a long, pointed 
snout and with large discs. Its prevomers are, however, firmly 
fused to the ethmoid and lack transverse ridges. Aphantophryne 
is another monotypic genus from New Guinea. It has a small, 
round head and no digital discs. Nevertheless, it retains the 
T-shaped terminal phalanges and seems to differ from Phryno- 
mantis chiefly in the reduced pectoral girdle. The sternum, 
according to Fry, is entirely absent. 

Genyophryne, the last genus in the subfamily, was at one time 
considered the type of a distinct family, and Van Kampen (1923) 
retains it as representing a distinct subfamily. A careful 
inspection of its anatomy will show, however, that it is closely 
allied to Phrynomantis. It differs chiefly in its prevomers, which 
bear a patch of odontoids on their mesial half. The extreme 
anterior margins of the dentaries are slightly crenulated, suggest- 
ing a small series of very small teeth. A similar, but more exten- 
sive, modification occurs in Megaelosia, and, as pointed out 
above, many genera of frogs have their dentaries extended into 
a more pronounced sawtooth edge than Genyophryne. It is 
possible that Genyophryne was derived from a more Calluella- 
like frog than Phrynomantis. Its head and body are much 
depressed. Its sacral diapophyses are only moderately dilated. 
The toes are slightly webbed. Genyophryne agrees with a few 
other brevicipitids in reverting to a procoelous vertebral column. 
The bones of the skull are partly involved in a secondary ossifica- 
tion, although this does not include the derm. The mandibles, 
squamosals, and frontoparietals are studded with this bony 
deposit and extended in width. In other families of frogs a 
secondary deposition of bone on the skull usually brings with it 
the formation of odontoids on the prevomers or palatines. The 
same seems to be the case in Genyophryne, which differs from 
Phrynomantis chiefly in those parts affected by this secondary 
deposit. 

Sithfamily 5. SymphygncUhtnae . — Brevicipitids restricted to 
New Guinea and differing from all other Salientia in that the 
maxillaries are extended forward and meet in symphysis anterior 
to the premaxillaries; in other characters agreeing closely with 
the Cacopinae. There can be very little hesitation in pro- 
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Bouncing the five genera included in this subfamily as closely 
related, for no other Amphibia exhibit the same type of skull 
modification. Further, these genera have the same reduced 
pectoral girdle, and their prevomers extend posterior to the inter- 
nal nares as a broad plate on each side. 

The most primitive genus in the series appears to be the large 
Callulops. As this genus has been incorrectly defined in most 
previous texts, it may be described in full: pupil probably hori- 
zontal; tongue large, completely attached behind, prevomers 
large, extending around the choanae and forming a ridge provided 
with a row of small odontoids transverse to the body axis, a soft, 
denticulated ridge between the oesophagus and buccal cavity, a 
narrow, smooth ridge anterior to this and extending almost 
across the roof of the mouth as a widely open crescent; tympanum 
distinct; fingers and toes free, the tips with small discs; outer 
metatarsals united; no procoracoid or clavicle; terminal phalanges 

T-shaped. 

Mantophryne is identical to Callulops but lacks the odontoids 
on the prevomer ridges. This is again a character hardly of 
generic value, especially as the odontoids tend to be lost in dried 
skeletons of Callulops. Xenobatrachus seems to have arisen 
directly from Callulops in another direction. Its tongue is more 
firmly attached and bears a deep median groove, as in Glypho- 
glossus and Ctenophryne. At least this is the case in rostTatus^ 
hidens, and giganteus. In macrops it is intermediate between 
this condition and that in Callulops. In all these species of 
Xenobatrachus the pK)sterior mesial margin of each prevomer is 
raised into one or two prominant spikes which may or may not 
pierce the mucosa. This is apparently a parallel modification to 
that in Cacopus but does not indicate very close affinity. The 
name Xenorhina is reserved for a single species of Xenobatrachus 
which lacks the prevomer spikes. Its tongue is grooved, as in 
most species of Xenobatrachus. Here, again, it is merely a 
matter of opinion whether the name should be recognized. 

The fifth genus in the subfamily has been placed in at least 
three different families by different authors, who apparently made 
little attempt to investigate its anatomy. The only species of 
Asterophrys is a depressed frog similar to Genyophryne. Its 
head is not involved in cranial ossification, but a sagittal crest, 
apparently a secondary sheet of bone, separates the two masses 
of temporal muscles which completely cover the frontoparietals. 
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It possesses a long, crenulated ridge across the posterior edge of 
each prevomer. These lack odontoids and therefore resemble 
those of Mantophryne. Its tongue is firmly attached only toward 
the rear and thus forms a pocket, as in Colpoglossus and in Man- 
tophryne macrops. The terminal phalanges are T-shaped, but 
the digital dilations are small. 

The best evidence of its relationships is to be seen in its rostrum, 
which exhibits an overlapping of the maxillaries on the premaxil- 
laries as in the other genera in the subfamily. 

Subfamily 6. Kalophryninae . — Brevicipitidae in which the 
prevomers are small and restricted to the anterior and mesial 
margins of the choanae; procoracoids and clavicles present, but 
the ornosternum reduced or absent, the usual pair of ridges on the 
posterior part of the palate. The Kalophryninae were appar- 
ently derived directly from Calluella or at least from the Dysco- 
phinae. Only one genus, Kalophrynus, is found today in Asia, 
the other five are American. Still this genus has a broad distribu- 
tion from Sumatra and the Malay Peninsula across Borneo and 
Southern China to Hainan and the Philippines. 

Kalophrynus is the most primitive type. It differs from Cal- 
luella in its reduced prevomers and toothless maxillaries. It has 
also a narrower head and smaller mouth. Although Kalophrynus 
was derived from a type close to Calluella, it has stronger and 
straighter procoracoids and clavicles than in that genus. 

The American Hypopachus is extremely close to Kalophrynus 
in structure. Its prevomers are slightly more reduced. The 
pads just posterior to the internal nares of Kalophrynus, and 
forming such a characteristic feature of this genus and Kaloula, 
are lacking. Further, the pupil is erect instead of horizontal. 
Hypopachus is distributed from Paraguay to the United States. 

Otophryne of British Guiana is probably not generically distinct 
from Hypopachus. It is a large, square-headed frog. It is 
supposed to be distinguished from Hypopachus by its distinct 
tympanum and round pupil. Neither of these characters in 
other groups is always of generic value. 

Chiasmocleis and Nectodactylus parallel Oreophryne and 
Platyhyla in the reduction and tilting of the procoracoid and 
clavicle. These genera come from Paraguay and Brazil, respec- 
tively. Except for their short procoracoid and clavicle, which 
do not reach the scapula and are directed partly forward, they 
approach closely to Hypopachus in structure. The genera are 
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each known from only a single species. Nectodactylus differs 
from Chiasmocleis in its short, webbed fingers. The webs are 
very fleshy and give the hands the appearance of being thrust into 


bags. 

The last genus, Stereocyclops, is not well known. It is sup- 
posed to differ from Hypopachus chiefly in having the sclerotic 
membrane ossified to form an annulus around the eye. The type 


in the Museum of Comparative Zoology shows that this annulus 
is merely a feeble development of dermal ossification both over 
the eyes and over the snout. The genus should not be separated 
from Hypopachus. 

Subfamily 7. Micro%2mac.— Brevicipitidae with the reduced 
prevomers of the Kalophryninae but no clavicle or procoracoid 
present (except in Gastrophrynoides). The ^licrohylinae were 
apparently derived from the Kalophryninae. Three genera are 
found in southeastern Asia, including the western part of the 
Malay Archipelago, and three others in the Americas. 

Microhyla, which has an extensive range in southeastern Asia 
and adjoining islands, seems to be the most primitive genus. It 
differs from Kalophrynus in its reduced pectoral girdle, circular 


pupil, and smooth anterior palate. 

Phrynella, from the Malay region, Sumatra, and Borneo, is 
apparently closely related to Microhyla. Its toes are cylindrical 
but its fingers are broadly dilated. Its subarticular tubercles 
(Fig, 162) are enormous and apparently assist it in its tree- 
climbing habits. As in Microhyla, there is no procoracoid or 
clavicle but a rudiment of an omosternum. PhryneUa is known 
from two species. 

Gastrophryne is perhaps not generically distinct from Micro- 
hyla. Most species of the latter are long-limbed forest frogs, 
very different from the semifossorial, narrow-mouthed toads of 
the United States, Some species of Microhyla, such as rubra of 
Ceylon, are practically identical to certain species of Gastro- 
phryne as elegans of Mexico. Gastrophryne is supposed to 
differ in its webless toes, but certain species of Gastrophryne, as 
aterrimum, possess webs. It must be admitted that there is no 
generic difference between Microhyla and Gastrophryne, and if 
the former name is retained it can be only on the general appear- 
ance of the greater number of species. 

Ctenophryne of Colombia is one of the more webbed species of 
Gastrophryne having an adherent grooved tongue as in Gly- 
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phoglossus, Xenobatrachus, etc. It is known only from a single 
species. The sudden appearance of this tongue modification in 
the American Brevicipitidae is further evidence of the haphazard 
nature of its occurrence. 

The recently described Dasypops of Brazil is merely a Gastro- 
phryne with the scapula articulated with the base of the skull. 
A parallel modification occurs in the African Hemisus. Gastro- 
phrynoides of Borneo appears to be a Microhyla with a thin 
cartilaginous procoracoid. 

Subfamily 8. Phrynorrwrinae, — Brevicipitidae without pro- 
coracoid or clavicle; an intercalary cartilage present between the 
last two phalanges of each digit. The African Phrynomerus is 
not closely related to any other brevicipitid. It has, therefore, 
been made the type of a distinct subfamOy. Its most peculiar 
features are its intercalary cartilages, which are not found in any 
other brevicipitid. Its sacral diapwphyses are greatly dilated, 
its prevomers are small. Phrynomerus is known from five species 
which are widely scattered over Africa south of the Sahara. 

Subfamily 9. Kaloulinae. — Brevicipitids lacking maxillary 
teeth and clavicles but retaining an omosternum and a rudiment 
of the procoracoids attached to the coracoids near the midline. 
Kaloula is the most primitive genus in this small subfamily. It 
has a wide distribution throughout eastern Asia as far north as 
Manchuria and as far west as the western part of the Malay 
Archipelago. It retains large prevomers extending posterior to 
the internal nares. The posterior edge of these prevomers is 
raised into a sharp, often crenulated, edge which is covered in 
life with mucosa. Ramanella, of India, is a small form of Kaloula 
which has reduced the prevomers to small bones which do not 
extend posterior to the internal nares. The fingers of both 
Kaloula and Ramanella are often dilated, the terminal phalanges 
T-shaped. 

Subfamily 10. Melanobatrachinae. — Brevicipitids with a cal- 
cified omosternum, clavicle, and procoracoid present; the pre- 
vomers small, reduced to a pair of splints mesial to the internal 
nares; palate without ridges. The little black toad of India, 
Melanobatrachus, is unquestionably a primitive brevicipitid, as 
shown by its very complete pectoral girdle. But it shows no 
close affinity to the primitive Dyscophinae of Asia. Its squarish 
head, coal-black color, and rough skin give it the appearance of 
Dendrophryniscus stelzneri of Brazil, a representative of a very 
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different family. It is possible that it is related to the Madagas- 
can Dyscophinae with reduced prevomers (Stumpffia), but our 
knowledge of these is very fragmentary. 

Melanobatrachus is known from only a single species. This 
species probably lays its eggs in the water. A female 31 mm. 
long had densely pigmented eggs 2 mm. in diameter, Melano- 
batrachus feeds on termites, beetles, and worms. 

Subfamily 11. Brevicipitinae . — Brevicipitidae with the roof 
of the mouth ver}^ glandular, either a broad, porous gland cover- 
ing nearly the entire roof of the mouth or several pairs of glan- 
dular folds between internal nares and oesophagus. The African 
Breviceps and Spclaeophryne are of uncertain affinities. Brevi- 
ceps includes six or more short-headed, burrowing toads. They 
retain clavicle and procoracoid without an omosternum or with 
a very much reduced cartilaginous one. The sacrum and coccyx 
are fused as well as the first and second vertebrae. 

Spclaeophryne is known only from the type. It differs from 
Breviceps in its slimmer form, free coccyx, and different palate. 
A clavicle and procoracoid, although broken in the type specimen, 
are present and very similar to those of Breviceps. 

The little African Didynamipus may be referred provisionally 
to this subfamily. It retains the pectoral girdle of Breviceps, 
but its palate is unknown. It parallels Breviceps in the reduc- 
tion of its lateral digits. Didynamipus is, however, a forest frog, 
known only from the Cameroons and Fernando Po. 

Callulina should probably be referred to this subfamily instead 
of to the Dyscophinae. It has an additional ridge across the 
palate which is apparently glandular. The Brevicipitinae 
although often of grotesque appearance retain many of the 
primitive skeletal characters of the Dyscophinae. 

Subfamily 12. Iloplophryninae. Small East African toads 
differing from all other African brevicipitids in the great reduc- 
tion of the first (inner) finger. 

The two genera in the subfamily are closely related and may 
have descended from Callulina for Parhoplophryne, the more 
primitive genus, retains a narrow but complete clavicle. In 
Hoplophryne the clavicle is reduced to a nodule. The reduced pre- 
vomers of both genera do not extend posterior to the choanae, and 
this represents a further divergence from the primitive condition. 
The eggs of Hoplophryne are laid between the leaves of banana 
plants or in old bamboo stems, but the larvae which hatch under 
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these cramped conditions agree essentially with other brevicipitid 
larvae. 

Subfamily 13. ' Hemisinae. — Brevicipitids with a very pointed 
snout, the procoracoid and clavicle present, and the pectoral 
girdle articulating with the skull. The African Hemisus is of 
uncertain affinities and has been isolated provisionally in a 
separate subfamily. It is ix)ssibly related to Breviceps, but its 
palate lacks the large glands of that genus. Its eggs, although 
laid on land, develop into tadpoles of a ranid type. This strongly 
suggests that Hemisus has arisen independently from ranids and 
has no close affinity to the other Brevicipitidae. Hemisus has a 
wide distribution throughout the more arid parts of Africa. It is, 
however, represented by only two species. 

Subfamily 14. Cacosterninae. — Small African brevicipitids, 
usually with maxillary teeth, no clavicle, the procoracoid either 
present or rudimentary, the omosternum bony or cartilaginous; 
no ridges or glandular swellings on the palate, terminal phalanges 
either simple or knobbed. The Cacosterninae have probably 
directly evolved from small African ranids, Arthroleptinae. 
This is suggested by the life history (see page 64), the tadpole 
being of the Rana type instead of similar to that of other brevi- 
cipitids (Noble, 19266). Cacosternum is known from two or 
three species, one of which, closely related to the others, lacks 
maxillary teeth. Anhydrophryne is represented by a single 
South African species. Both Cacosternum and Anhydrophryne 
resemble Arthroleptis closely. Cacosternum has a more dilated 
sacrum and a more reduced pectoral girdle than Anhydrophryne 
has. 
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A 

Abbott, 420 
Abdominal glands, 113 
Abdominal muscles, 110 
Abdominohyoideus, 254 
Abducens, 362, 367 
Abel, 463 

Abel and Macht, 134, 135 
Absorption and assimilation, 207 
Acanthostomatidae, 462 
Accommodation of eye, 329 
Achelomidae, 460 
Acousticolateral area, 365 
Acris, 80, 95, 115, 438, 508, 510, 526 
Acris gryllus, 152, 407, 409, 420 
Acris gryllus crepitaus, 407 

Acromio-cleido-episterno-humeralis, 

258 

Acrosome, 15, 18 
Actinodontidae, 460 
Activation of egg, 17, 40 
Adams and Hankinson, 457 
Adams and Rae, 281 
Adams and Richards, 140 
Adams, Richards, and Kuder, 140 
Adaptation, 93 
and speciation, 79-108 
Adaptive value of color differences, 
87 

Addair and Chidester, 310 
Adductor mandibulae, 264 
Adelmann, 32 
Adelospondyli, 11, 462 
Adelotus, 415, 498 
Adhesive discs, 64, 79 
Adhesive organs, 23, 24, 101 
Adolph, 141, 271, 437 


Adolph and Collins, 140 
Adrenal organs, 146, 302 
Adrenalin, 135, 195, 304 
Aelurophr>'ne, 493 
Agafonow, 309 
Agalychnis, 513 
Age, and area, 452 
determination, 444 
Aglossal toads, 489, 495 
Aglyptodactylus, 525, 526 
Aistopoda, 11, 463 
Albinism, 82, 148, 149 
Alisphenoid, 219 
Alkaloids, 135 
Allantoic placenta, 55 
Allantois, 2, 13, 23, 76 
Allen, 293, 298, 300, 301, 307 
Allen and McCord, 310 
Allen, Torreblanca, and Benjamin, 
299 

Allen and Wright, 386 
Allophores, 143 
Allophryne, 510 
Altirana, 520 
Alveoli, 166 

Alytes, 131, 220, 273, 275, 276, 381, 
489 

Alytes cistemasil, 489 
Alytes obstetricans, 409, 489 
Ambvstoma, 32, 48, 51, 52, 82, 86, 
98, 145, 148, 150, 152, 184, 185, 
194, 215, 243, 272, 278, 284, 
295, 296, 307, 309, 318, 319, 
337, 362-364, 368, 371, 378, 
379, 382, 387, 388, 414, 417, 
419, 423, 424, 434, 43/, 442, 
456, 472, 473, 482 
common species of, 471 
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Ambystoma, development of reflexes 
in, 378 

Ambystoma annxdatum, 51, 152 
Ambystoma jeffersonianum^ 51, 84, 
85, 152, 153, 387 

Ambystoma maculatum^ 28, 29, 33, 
35, 51, 84, 85, 143, 152, 194, 
344, 371, 386, 387, 400, 419, 435 
Ambystoma opacum^ 51, 58, 131, 152, 
242, 472 

Ambystoma tezanum, 152 
Ambystoma iigrinum, 28, 29, 33, 35, 
51, 52, 152, 194, 295, 368, 434, 
435, 437, 444 

Ambystomidae, 61-62, 138, 167, 
225, 466, 472-473 
Ambystomoidea, 465, 471-472, 473 
Amino-acids, 207 
Amnion, 2, 13, 23, 76 
Amniota, 222, 329 
Amphibia, defined, 1 
Amphicoela, 486 
Amphignathodon, 60, 509 
Amphiuma, 55, 97, 102, 103, 162, 
169, 180, 192, 226, 231, 233, 
244, 268, 276, 280, 308, 325, 
326, 335, 364, 410, 417, 423, 
444, 463, 473, 476, 477 
Amphiumidae, 66, 476, 477 
Amphodus, 125, 511 
Amplexus, 242 
Ampulla, 336 
Amygdaloid, 358 
Amylase, 207 
Anamnia, 266, 362 
Anconeus, 259 
Andrias, 469 

Aneides, 57, 58, 95, 125, 414, 416, 
417, 423, 482 

Aneides aeneus^ 58, 87, 125 
Aneides flavipunctatuSf 153 
Aneides lugubris, 58, 125, 173, 182, 
410, 413, 454 
Angular bone, 213 
Anhydrophryne, 64, 540 
Anoraocoela, 491-492, 495 
Anondontohyla, 529, 531 
Anterior lobe of pituitary, 35, 140 
Anthony and Vallois, 258 


Anthracosauridae, 460 
Anton, 325 
Anura, 485 

Aorta, 185, 187, 189, 195 
Aortic arches, 185 
Aphantophryne, 534 
Applerot, 111 
Aqueous humor, 331 
Archegosauridae, 160, 460 
Archenteron, 22 
Arcualia, 227, 230 
Arey, 331 

Arm and shoulder musculature, 266 
Armistead and Martin, 304 
Aron, 294, 302, 305, 307 
Arterioles, 193, 194 
Arthroleptella, 515 
Arihrolepiella lightfooti, 71, 115 
Arthrolcptides, 520, 521 
Arihroleptides martiensseni, 521 
Arthroleptinae, 616-616, 540 
Arthroleptis, 494, 515, 516 640 
Arihroleptis batesiij 515 
Arthroleptis stenodactylusj 516 
Articular, 220 

Articular tubercles, enlargement of, 
502 

Arytenoids, 170 

Ascaphus, 15, 76, 87, 88, 104, 132, 
186, 196, 218, 220, 221, 229, 
240, 250, 257, 260, 262, 266, 
283, 303, 335, 408, 421, 451, 
453, 485, 487 
Ascher, 149 
Asperities, 111 
Aspherion, 515 
Asterophrys, 535 
Astylosteminac, 616-618 
Astylostemus, 517 
Astylosternxis diadematus, 517 
Astylostemus robusluSf 110, 164, 

517, 518 

Atelopus, 231, 507, 508 

Athanasiu, 434 

Atlas-axis complex, 232 

Atrium, 189 

Atwell, 297, 300 

Atwell and Woodworth, 298 

Auditory apparatus, 29, 87, 221 
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Auditory centers, 3 
Auricles, 187, 189-192, 194 
Auricular lobes, 364 
Autonomic system, 371, 372 
Autotomy, 36 

Axolotl, 52, 82, 102, 131, 134, 147, 
149, 151, 210 
albino, 81 
gastrulation in, 21 
limb development, effect of mal- 
nutrition or high tempera- 
tures on, 33 

regeneration of gills in, 36 
Ayyanger, 426 

B 

Bahdk, 150, 171, 200, 293, 400 
Bahina, 120 

Bacillus hydrophillus fuscusj 438 

Bacteria, 209 

Baglioni, 363, 365 

Balancer, 23, 28, 35, 48, 51, 53, 59 

Baldwin, 307, 308 

Balinsky, 38 

Ballowitz, 143 

Banta, 149 

Banta and Gortncr, 148 
Banting and Best, 301 
Barbels, 164 

Barbour and Noble, 507 

Barbourula, 489 

Barcroft, 179 

Barrel!, 165 

Barrows, 443 

Barthdlemy, 420 

Basibranchial, 30 

Basidorsals, 227 

Basihyal, 30, 225 

Basioccipital, 214 

Basioccipital condyles, 213 

Basipter>’goid processes, 213, 219 

Basis cranii, 6, 213 

Basisphenoid, 9, 213, 214 

Basiventrals, 227 

Basophilic leucocytes, 182 

Basophilic plasmocytes, 182 

Bastert, 175 

Bataillon, 18, 41 


Batrachia, 1, 485 
Batrachia Ecaudata, 485 
Batrachia Gradientia, 465 
Batrachomyia, 441 
Batrachophrj'nus, 91, 164, 486, 499 

Batrachophrynus micTopfithalmus, 

444 

Batrachoseps, 57, 58, 97, 126, 127, 
181, 182, 405, 482 
Batrachoseps attenuatus, 231, 444 
Batrachoseps pacificus, 91, 92 
Batrachuperus, 466-468 
Bat rachy lodes, 524 
Batrachylodes vertebralis, 120 
Beaumont, 284 
Beddard, 226 
Beer, 330 

Behavior, learned, 392, 394 
metabolism and, 434 
patterns, 380 
temperature and, 433 
Belch rddek, 292 

Bclehnldek and Huxley, 296, 300 
Bell-shaped gills, 54, 67 
Bensley, 202 
Bensley and Steen, 270 
Berg. 207 
Beyer, 181 
Bickel, 360 
Bidder's organ, 278 
Biederman, 345, 396 
Biedermann, 134, 145 
Bieter and Scott, 193 
Bikeles and Zbyszewski, 194 
Bile, 207, 208 
Bindewald, 360 
Bischler, 37 
Bishop, 414 
Blacher, 294, 300 
Bladder, urinary, 276 
Blanchard, 407, 414, 444 
Blastooocl, 21 
Blastodisc, 23 
Blastopore, 22, 26 
Bles, 64, 131, 400 
Blind Salamander, European, 483 
Blood, 179, 181 
calcium, 182 

cells, enucleation of red, 181 
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Blood cells of frog, 180 
circulating, 182 
clotting, 40 
corpuscles, 179 
origin of, 183 
platelets, 182 
pressure, 193 
vessels, 184 
viscosity of, 193 
Bock, 210 

Body, proportions, 127 
size, 90, 126 
temperature, 431 
Bogoljubsky, 36 

Bombina, 110, 180, 181, 186, 194, 
216, 234, 241, 309, 318, 330, 
335, 337, 381, 423, 486, 487 
Bombina bombinay 120, 380 
Bombina variegata, 111, 120 
Bone, marrow, 183 
mental, 221 
secondary dermal, 125 
Bonnamour and Policard, 304 
Bony casque, 130 
Bony plates, 158 
Borborocoetes, 500, 504 
Borborocoetes miliarus, 75 
Bottazi, 366 

Boulenger, 42, 88, 110, 111, 137, 146, 
387, 494, 521, 522 
Bounoure, 277 
Bowen, 19 

Brachet, 27, 28, 32, 35 
Brachycephalidae, 70, 71, 495, 505, 
606, 508, 514, 520 
Brachycephalinae, 607, 608 
Brachycephalus, 130, 423, 508 
Brachyopidae, 461 
Brain, 5, 32, 110, 111, 176, 356, 368 
formation of, 27 
of Necturus, 361 
phylogeny of, 367 
Brambell, 276 
Branchial apparatus, 171 
Branchial arches, 30, 

160-162, 223 
in larvae, 23, 24 
Branchial clefts, 102 
Branchial pouches, 166 


Branchial sac, 71 

Branchiosaur, 9, 10, 76, 130, 162, 
461, 509 

Branchiosauridae, 9, 223, 461, 462 
Brandt, 33, 38 
Brazil and Vellard, 135 
Breder, 404 

Breder, Breder, and Redmond, 405 
Breeding habits, 402 
Breeding rhythm, 85 
Breeding site, 402 
Breeding temperature factor, 422 
Bresca, 305 
Breviceps, 539, 540 
Breinceps parvuSy 71 
Brevicipitidae, 62, 64, 69, 101, 
152, 162, 197, 202, 236, 237, 
258, 505, 514, 627-640 
teeth in, 25 
Brevicipitinae, 639 
Bridges, land, 451 
Bronchi, 168-170 
Brongniart, 2 

Brood pouch of Hylidae, 60 
Brooding instinct, 413, 414 
Brooks, 419 
Brosard and Gley, 305 
Brownlee and Cameron, 420 
Briicke and Urarath, 196 
Brues, 421 

Bruner, 171-173, 324, 325 
Bruyn and Van Nifterik, 390 
Buccal cavity, 171, 172, 174 
Buccal respiration, 4 
Buccopharyngeal movements of 

frogs, 175 

Buccopharyngeal respiration, 158, 

171, 172 

Buddenbrock, 207, 266 
Bufo, 41, 73, 74, 112, 141, 166, 171, 
181, 184, 202, 273, 276, 278. 
282, 298, 299, 330, 332, 342, 
343, 381, 383, 395, 406, 424, 
433, 454, 456, 494, 499, 501, 
503, 504, 514 
hybridization in, 41 
Bufo alvariuSy 96, 453 
Bufo americanus, 80, 112, 340, 407 
Bufo boreas halophiluSy 444, 454 


101, 103, 
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Bufo calamitaj 340, 384, 391, 393, 395 
Bufo canoruSf 112, 115, 444 
Bufo cognatuSj 444, 453 
Bufo communis hybridization in, 41 

Bufo dunnif 98 

Bufo fowlerif 433 

Bufo funereuSy 112 

Bufo jerboa, 602 

Bufo marinus, 112, 135, 304 

Bufo micTonotus, 503 

Bufo peltacephaluSf 98 

Bufo preussi, 503 

Bufo punctaiuSj 120, 454 

Bufo regidaris, 112, 454 

Bufo Tosei, 406 

Bufo superciliaris, 454 

Bufo ierrestnsj 407 

Bufo viridiSy 41, 42, 113 

Bufo vulgaris, 42, 111-113, 137, 

278, 283, 383, 410, 411 
Bufogin, 134 

Bufonidae, 66, 72, 74, 111, 130, 152, 

258, 408, 495, 496, 505, 524 
ovoviviparous, 74 
toothed, 70 
Bufonin, 134 
Bufoninae, 498, 601-604 
Bufotalin, 134 
Burnett, 392 
Burns, 278 
Burns and Burns, 35 
Burr, 30, 340 
Busquet, 411 
Butler, 418 
Buxton, 97 
Buytendijk, 393, 395 

C 

Cacopinae, 632-634 
Cacops, 221, 459 
Cacopus, 140, 523, 533, 535 
Cacosterninae, 527, 640 
Cacostemum, 64, 442, 540 
Caecilia ientaculata, 464 
Caecilians, 11, 12, 76, 130, 132, 141, 
159, 160, 166, 169, 174, 187, 
192, 195 

gastrulation in, 22 


Caecilians, laying of eggs in, 23 

Caecum, 205 

Calcareous egg, 76 

Calcium content, 111 

Calcium metabolism, 308 

Calliglutus, 529, 532 

Calluella, 528, 529, 531, 532, 534, 

536 

Callulina, 529, 539 
CaUuUna kreffti, 529 
Callulops, 535 

Calyptocephalus, 320, 496, 499 
Cameron, 310, 420, 421 
Cameron and Brownlee, 420 
Camp, 234 
Cannon, 374 
Capillaries, 141, 193-195 
of skin, 163 
Capillary tonus, 301 
Capitosauridae, 461 
Capitulum, 233 
Carbohydrates, 205-208 
Carbon dioxide, 158, 159, 174, 207, 
208 

Carbonic acid, 158 
Cardinal veins, 185, 186 
Cardioglossa, 515 
Carmichael, 380 
Carotids, 187, 191 
Carpalia, 242, 243, 244 
Carpus, evolution of, 241 
Cartilage, arytenoid, 169 
branchial, 187 
coracoid, 237 
cricoid, 169 

laryngeal, 170, 174, 226 
Meckel’s, 220 
Casque, 97 
Castration, 305 
Catalysts, 85 

Caudalipubofemoralis, 262 
Caudalipuboischiotibialis, 262 

Cells, goblet, 202 
Kupffer, 180 
L^ydig, 132 
phagocytic, 179 
red blood, 180 
Centrale, 33, 242 
Centrolcne, 118, 510 
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Centrolenella, 327, 510 
Cerathyla, 509 

Ceratobatrachus, 418, 509, 523 
Ceratobatrachus guentheri, 23, 64 
Ceratohyal, 222 

Ceratophrys, 74, 125, 382, 384, 416, 
423, 442, 497, 499, 500, 518, 
523 

Ceratophrys americanay 135 
Ceratophrys dorsaia^ 125, 135, 209, 
423 

Ceratophrys lacvis, 318 
Ceratophrys ornata, 416, 418 
Cerebellum, 357, 364, 367, 369 
Cerebral peduncles, 363 
Cerebrospinal fluid, 356 
Cestodes, 441 
Cilia, 130, 171, 202 
Ciliary ganglion, 362 
Ciliary muscle of eye, 330 
Circulatory system, 179, 200 
Chamberlain, 456 
Champy, 109, 127, 305, 307 
Chapman, 82 
Charipper, 319 
Chase, 275 
Chauchard, 360, 363 
Chauvin, 115 
Chelotriton, 476 
Chemical sense, organs of, 321 
Chemodiffercntiation, 34 
Chemotactic effect, 17 
Chiasmocleis, 532, 536, 537 
Chievitz, 332 
Chin pad, 118, 136 
Chioglossa, 387, 474, 476 
Chioglossa lusitanica, 476 
Chiroleptes, 97, 497, 499, 523 
Chiromantis, 67, 112, 524, 525 
Choerophryne, 534 
Chondrocranium, 212, 219 
Choroid plexus, 365 
Christensen, 273 
Chromaffin, 303 

Chromatophores, 141, 143, 145, 146 
Chromogen, 148 

Chromosome, 15, 18, 35, 36, 41, 108 
Chromosome aberrations, 81, 85 
Clark, 185 


Clark and Clark, 183, 197 
Clausen, 104 

Clavicles, 208, 236, 257, 258 
Claws, 138 
Claypole, 183 
Cleavage, 21 
of egg, 21 
partial, 21 
Cleithrum, 234, 258 
Cleland and Johnston, 440 
Cloaca, 88, 109, 267, 273, 283, 284 
Cloacal glands, 284 
Cloacal orifice, 208, 286 
Cloacal papillae, 109, 307 
Coccygeal vertebrae, 231 
Coccyx, 196, 197, 230 
Cochran, 343 
Cocytinus, 11 
Coghill, 378, 379 
Cohn, 201 
Cole, 344, 354, 419 
Cole and Allison, 175 
Cole and Dean, 345 
Collecting tubules, 275 
Collin, 438 
Color, 115, 116, 135 
”^ange, 143, 144 
“difference, 115 

pattern, 90, 146, 147, 152, 163 
significance of, 151 
tone regulator, 300 
variation of, 80 
and diet, 151 
Colosteidae, 462 
Colostcus, 10 

Colpoglossus, 532, 533, 536 
Columella, 120, 222 
cranii, 219 
Condyles, 214 
Congo Eel, 476 
Conklin, 197 
Conraua, 519 
Conus, 190 

Conus arteriosus, 189, 191 
Cope, 243 
Copeland, 340, 417 
Copenhaver, 194 
Cophixalus, 533 
Cophophryne, 119 
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Cophyla, 531 
Copiula, 533 
Copula, 225 

Copulatory apparatus, 240 
Copulatory organ, 74 
Coracobrachialis, 258 
Coracoid, 236 
Coracoid cartilages, 237 
Coracoradialis proprius, 258 
Corium, 37, 133 
Cornea, 326, 327 
Cornua, 225 
Cornufer, 523, 524 
Cornuferinae, 621, 624 
Coronoids, 213 
Corpora quadrigemina, 363 
Corpus striatum, 369 
Cort, 441 

Cortex-pallial, 360 
Corythomantis, 512 
Cott, 426, 455 
Cotylosaur reptiles, 76 
Courtship, 386, 387 
behavior, 384 
evolution of, 386 
Crane, 271 

Cranial nerves, 12, 213, 338, 365 
Crew, 108, 279 
Cricket frog, 115, 508 
Cricotidae, 460 
Crinia, 76, 407, 498 
Criniinae, 492, 496-498, 499, 501 
Crofts, 205 
Cronheim, 434 

Crossodactylus, 113, 504, 507 
Crossodaciylus gaxulichaudii, 113, 
126 

Crossopterygians, 5, 110, 160, 165 
Cruralis, 262 
Cry, pain, 409 
sex, 409 

CryptobatrachiiSj 60, 159,^ 415, 509 
Cryplohatrachus evansi brood pouch, 
60 

Cryptobranchidac, 48-51, 141, 220, 
283, 386, 448, 449, 466-466, 
468-470 

fertilization in, 16 


Cryptobranchus, 48, 54, 103, 162, 
163, 176, 192, 252, 262, 281, 
293, 294, 325, 327, 358, 416, 
421, 423, 439, 443, 451, 477 
polyspermy in, 17 

Cryptobranchus alleganiensis^ 48, 468, 
469 

Cryptotis, 498 
Cryptotis brevis, 498 
Ctenophryne, 535, 537 
Cuenot, 80, 94 
Cummings, 395, 403 
Cummins, 400 
Cunningham, 127 
Cutaneous hypertrophies, 113 
Cutaneous respiration, 12, 141, 149, 
168, 171, 175 
Cutaneous veins, 195 
Cuvier, ducts of, 189, 192 
Cycloramphus, 75, 119, 120, 499 
Cynodont reptiles, 4, 219 
Cystignathidae, 496 
Cytolysins, 103, 104 
Czeloth, 401, 403 

D 

Dahne, 408 

Darwin, 80, 81, 86, 87, 115, 127 
Dasypops, 538 
Dauvart, 110 

Davenport and Castle, 427 
Dawson, 132, 184 
Dean and Cole, 345 
Death feint, 424 
Deckert, 415 
Defense, 422 

reaction, 382, 383, 424 
Deltoides clavicularis, 258 
Dempster, 338 

Dendrobates, 60, 70, 80, 135, 152, 
415, 507 

Dendrobatidac, 526 
Dendrobatinae, 504, 607 
Dendrophryniscus stelzneri, 71, 380, 
507, 538 
Dennert, 139 
Dentary (bone), 213, 220 
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Dentition, 90 

Depressor mandibulae, 263 
Dermis, 132, 147 
Dermosupraoccipitals, 9 
Derotreme, 162 

Desmognathus, 10, 55-57, 91, 109, 
121, 122, 160, 184, 251, 284, 
285, 321, 346, 417, 418, 423, 
480 

Desmognathus fusctis, 55, 56, 80, 
305, 346, 402, 413, 419, 423, 467 
Desmognathus fuscits carolinensis^ 
56, 80, 90, 91, 122, 126, 146, 
402, 420, 481 

Desmognathus fuscus ochrophaeus, 
121, 481 

Desmognathus phoca, 56, 126 
Desmognathus phoca, larva, 481 
Desmognathus quadramaculatus, 56, 
121, 122, 417, 480-481 
Despax, 53 

Detwiler, 33, 38, 249, 331, 365, 370, 
371 

Detwiler and Carpenter, 371 
Detwiler and Lewis, 332 
Deutsch, 293 
Development, 1 
arrested, 99 
and heredity, 16-47 
mechanics of, 25, 28, 35 
de Villiers, 71, 442 
Diaglena, 509, 512 
Dicamptodon, 51, 52, 417, 472, 473 
Dickerson, 409 
Didynamipus, 539 
Dieckmann, 285 
Diet, 437 

Digestion, 205, 206 
Digestive system, 201, 211 
Digestive tract, length of, 209 
modifications of, 208 
Digital loss, 90 
Digital scutes, 90 

Digital webbing in tree frog, growth 
of, 100 

Digits, 241, 244 
elongated, 115 
webbed, 95 

Dimorphism, sexual, 121 


Dimorphognathus, 124, 125, 509,515 
Dimorphognathus africanvs, 116 
Diplasiocoela, 505, 614 
Diplocaulus, 11, 463 
Diplovertebron, 239, 241-243 
Dipnoans, 45, 101, 160, 165, 186, 187 
Discodeles, 523 
Discodeles opisihodon, 64 
Discoglossidae, 75, 76, 111, 162, 230, 
231, 234, 243, 258, 448, 486-489 
Discoglossus, 17, 117, 134, 250, 275, 
337, 487, 489 
fertilization in, 16 
hybridization in, 41 
Discontinuous evolution, 126 
Discophinae, 531 

Discs, adhesive and friction, 95, 138 
Dispersal, barriers to, 453 
Dissorophidae, 460 
Dissorophus, 130, 221 
Distribution, geographical, 448 
migration routes, 460 
peculiarities of, 451 
present, 449 

Dolk and Postma, 434, 174, 207 
Dollo, 5 

Dominant senses, 340 
Dorns, 436 

Dorsalis scapulae, 258 
Douthitt, 11, 463 
Drake, 415 
Drastich, 182, 436 
Driiner, 254, 264 
Dubecq, 264 
Dubois, 281, 331 
Duct, Mullerian, 272, 276, 281 
perilymphatic, 337 
Wolffian, 269, 272, 273, 276 
Ducii Cuvierii, 185 
Dunn, 113, 126, 134, 222, 335, 416, 
453, 457, 479, 480, 482, 507 
Duplications, 39 
Dtirken, 34, 368 
Dusky salamander, 55, 56, 121 
Dwarfing, speciation by, 99 
Dwinasauridae, 460 
Dwinasaunis, 13, 160, 223 
Dye, 318 
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Dj'scophinac, 628, 629, 532, 530 
538, 539 

Ih’scophus, 528-532 

E 

Ear, 28, 333 
capsule, 210, 221 
external, 334 
functions of, 338 
inner, 222, 334, 335 
middle, 334 
ossicles, 334, 335 
tonus reflexes of, 339 
Eardrum, 120 
formation of, 31 
Eckstein and MaiiRold, 425 
Ecological niche, 91 
Economic value, 410, 450 
Ectoderm, 35, 130-132 

transplanting in embr^'os, 20 
Ectopterj'goid, 244 
Edalorhina, 504 
Edgeworth, 159, 106, 204 
Egg, 13, 15, 48, 108 
on hack, 60 
capsule, 58, 73, 282 
foamy mass, 72 
frogs’, before fertilization, 19 
on land, 70 
large yolked, 76 
number, 70 
rods of, 74 
sacs, 51 
size, 73 

strings of, 73, 74 
teeth, 73 

in vocal pouch, 71 
Eggert. 151 
Eimer, 147 

Eimer’s principle of cpistasy, 100 
Ekman, 38, 192 

Eleutherodactylus, 64, 70, 72, 73, 
97, 112, 134, 267, 401, 408, 
453, 499, 500, 506, 510 
Eleutherodactylus inoptatus, 61, 96, 
409 

Eleutherodactylus lentus, 97 


Elosia, 75, 112, 113, 504 
Elosiinae, 604 

Embolomeri, 5-8, 11, 12, 212, 213, 
215, 219, 227, 232, 234, 237, 
239, 242, 243 
Embr>'o, 130 
Eminentia septalis, 358 
Emmel, 182 

Endocrine glands, 290-316 
Endolymph, 337 
Endolymphatic sac, 337 
Enemies, 442 

Energy consumption, surface law 
of, 434 

Ensatina, 58, 405, 416, 420, 482 
Ensatina eschscholtzii, 423 
Enucleation, 181 
Environment, 75, 128, 395 
effect of, 435 

relation of Amphibia to their, 

431-447 

Enzyme, 19, 21, 28, 200, 207 
Eobatrachus, 485 
Eogyrinus, 6, 221, 334 
Eosinophiles, 183 
Epaxial muscle mass, 249, 250 
Epibranchials, 226, 249 
Epidermis, 95, 132, 138, 147, 168 
cornification of, 138 
vascularization of, 141 
Epigenesis, 28-31 
Epipter>'goid, 219, 244 
Episterno-clcido-humeralis longus, 

257 

Epithalamus, 362 
Equilibrium, organ of, 338 
Erepsin, 207 
Eryopidae, 460 

Er>'ops, 221, 241, 243, 460, 461 
Erythrocytes, 179-182, 184, 197 
Escher, 53, 318-321 
Eugyrinus, 9 
Eupemphix, 72, 496, 504 
Euproctus, 52, 53, 114, 175, 388, 
475 

Euproctus aspcTf 52, 114, 454 
Euproctus montanus, 114 
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Eurycea, 55-58, 59, 91, 102, 123- 
127, 146, 152, 160, 284, 285, 
357, 389, 390, 423, 479-483 
cleavage in, 21 

Eurycea bislineala^ 57, 98, 102, 

123, 148, 292, 299, 389, 419, 
479 

Eurycea bislineaia cirrigera, 479 
Eurycea lucifuga, 344, 478 
Eurycea mulHpHcata, 98, 118, 421 
Eustachian tubes, 159, 216, 223, 
335 

Eusthenopteron, 227 
Evaporation, rates of, 422 
Evolution, discontinuous, 126 
divergent, 88 
hormones in, 98 
parallel, 66, 88, 89, 118 
of skull, 214 
space and time in, 86 
of spcrmatheca, 285 
Excretory system, 266 
Exoccipitals, 215 
Extensor muscles, 259 
External ear, 12 

External fertilization, 15, 48, 87 
External gills, 57, 73, 76, 171 
External nares, 62, 172 
in frog embryos, 23 
External respiration, 158 
Exteroceptive tracts, 358 
Eycleshymer, 40, 147 
Eyelids, 102, 118, 327 
Eyes, 3, 28, 29, 32, 102, 111, 146, 
175, 326 

of cave salamander, 94 
degeneration of, 333 
development of, 327 
effect of removal of, on brain of 
tadpole, 34 
in frog embryo, 23 
influence of light on, 94 
in larvae, 25 
median, 309 

muscles of accommodation, 330 
transplantation of, 29 


F 

Faces, toad, 96 
Facialis, 263 
Faris, 148 

Fat bodies, 208, 280, 281 
Fat reserve, 206 
Faust, 134 
Federici, 185 
Feeding habits, 415 
Fenestra hypoglossal, 213 
Fenestra ovalis, 221 
Fernandez, 71, 72, 380 
Fertilization, 16-21, 48, 49, 109, 
283, 387 
internal, 15 
reaction, 19 
Fiber tracts, 34 

in brain of frog, 369 
Fibrin, 182 
Fibrinogen, 182 
Fibula, 114, 243 
Fibulare, 242, 243 
Field, 276 
Filatow, 38 

Fins, 3, 48, 61, 65, 66, 69, 102 
Fischer, 339 

Fish, comparison with, 132 
Fisher, 81, 112 
Flask cells, 140 
Fleissig, 326 
Fletcher, 76 
Flexor muscles, 259 
Flower, 394 
Flukes, 441 
Flying Frog, 426 
Foam nest, 66-68, 72 
Food, 179, 205 
fat as, 205 
habits, 70 

Foot, skeleton of Rhinophryfius 
dorsalis, 79 

toad’s, regenerative capacity in, 39 
Forebrain, 367, 369 
Forelimbs, 71, 101, 103, 110, 111 
in frog tadpoles, 25, 30 
muscles, 255, 263 
sexual dimorphism of, 110 
Fortuyn, 365 
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Four-toed salamander, 58, 92 
Fovea, 332 

Franz, 99, 101, 328, 344, 345, 391, 
393, 395, 404 
Frase, 181 

Free nerve endings, 321 
Friction pads, 136, 521 
Frontal, 215 

Frontal cnlargeinonts, 127 
F'uhrmann, 166 
Fulton and Huxley, 301 
Function, 93 
of heart, 193 
influence of, 34, 36, 38 
of kidney, 270 
in phylogeny, 91 
Functional stinuilus, 34 
Functions, sense organs and their, 

317-362 

Funnel mouth, 69, 70 

G 

Gadow, 95, 135, 444, 465 
Gall bladder, 205 
Gamble, 232, 233 
Gampsosteonyx, 517 
QnmjiHo^ieonyz bdtesi, 91 
Ganoids, 4, 5 
Carman, 415 
Garstang, 101, 102 
Garten and Sulzc, 433 
Gasco, 386, 387 
Gastrocentrophori, 463 
Gastrophr>'ne, 62, 101, 537, 538 
Gastrophryne aterimum, 537 
Gasirophryne carolinensis larvae, 
head structures of, 24 
Gasirophryne elegans, 537 
Gastrophrj'-noides, 537, 538 
Gastrotheca, 54, 60, 137, 160, 408, 
415, 423, 509, 510 
Gastrothccinae, 67 
Gastrulation, 21-23, 26, 28 
Gaule, 110 

Gaupp, 172, 254, 259, 362 
Gayda, 296 
Geinitz, 26, 27 


Gene mutations, 83, 85, 93, 121, 127, 
128 

Genes, 19, 21, 82, 83, 86, 88, 101, 
102, 109, 127, 128 

rcecssivo, 82 
recombination of, 181 
Genetic factors, 98 
Geniohyoideus, 254 
Gonyophryne, 534, 535 
Geolnitrachus, 507 
Geographic distril)ution, 448-468 
Gootropic response, 401 
Gepljyromantis, 520 
Gessard, 148 
Gossner, 295 
C'lcyer, 410 

Giant salamanders, 48, 408 
Ciiersl>erg, 323, 341 
Gicsbrecht, 327 
Cligantism, 298 
Gigantorana, 519 
Gigafiioratta goliath, 510 
Gill, arches, 223 
bell-shaped, 54, 60 
clefts, 186 

external, 101, 160, 162 

form, 161 

internal, 160, 102 

regeneration of, 30 

relation of form to function, 161 

slits, 185 

Gills, 3, 5, 25, 28, 31, 34, 48, 51. 
57, 58, 68, 72, 102, 103, 158- 
100, 164, 170, 182, 187 
Girdles, 184 

arciferal type of, 236 
firmisternal, 101 
firmisternal type of, 236 
pectoral, 101, 234, 244 
pelvic, 237 
Giusti, 304 

Giusti and Iloussay, 299 
Giusti, Iloussay, and Gonzalez, 299 
Glands, 3, 95 
alveolar, 132 
carotid, 191 
chin, 136 
cloacal, 284 

endocrine, 102, 290-316 
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Glands, granular, 132-134, 137 
hat-ching, 23, 131 
hedonic, 388, 389 
intermaxillary, 202 
of internal secretion, 35 
modification of, 95 
mucous, 132-134, 136, 137 
naso-labial, 137 
parotoid, 132, 514 
pelvic, 285 
pituitary, 296 
poison, 133 
thyroid, 291 
tubular, 132, 136 
Glandular fold, 201 
Glandular hypertrophies, 119, 120 
in male, 114, 136 
Glandular outgrowths, 205 
Glenoid cavities, 38 
Glenoid region, 236 
Gley, 304 

Gley and Brossard, 305 
Glomerular capsule, 268, 270 
Glomerulus, 268 
Glomus, 267 
Glossopharyngeus, 263 
Glottis, 168, 171, 172, 174, 184 
Glucose, 206, 208 
Glutaeus, 262 
Glycogen, 206-208 
Glyphoglossus, 532, 533, 535, 537, 
538 

Goetsch, 437 
Goldfederowa, 302 
Goldschmidt, 86 
Goldsmith, 403, 406, 415, 421 
Goldsmith and Beams, 204 
Golgi bodies, 18 
Goliath frog, 13 
Goltz, 366 

Gonads, 108, 110, 208, 305 

segmentation of, 280 
Goodrich, 222 
Gopher frog, 97 
Goppert, 205 
Goss, 184 

Gottschalk and Nonnenbruch, 266 
Gracilis, 262 
major, 260 


Gracilis, minor, 260 
Gradients, 36 

Granulocytes, 179, 182-184 
Gray, 268, 270 

Gray crescent, 19, 21, 22, 26, 35, 36 

Greene and Laurens, 339 

Gregory, 3, 241 

Gregory and Noble, 219 

Greil, 160, 166 

Grinnell, 82 

Grodzinski, 185, 195 

Groebbels and Kuhn, 310 

Growth, rate of, 436 

Gruenberg, 339 

Grypiscus, 499 

Guanophores, 141, 143, 144, 146, 
148, 151 

Gudernatsch, 293 
Guy^not and Ponse, 40, 440 
Gymnophiona, 12, 76, 159, 165, 230- 
232, 244, 283, 321, 328, 329, 
333, 357-360, 367, 463-466 
Gyrinophilus, 55, 57, 124, 285, 333, 
417, 418, 423, 479, 480 
Gyrinophilus danielsiy 100, 413 
Gyrinophilus porphyriticus, 100, 124, 
433 

H 

Habenula, 362 
Haber, 415 

Habitat preference, 97 
Habits, 377 
breeding, 402 
feeding, 415 
motor, 394 
Hadjioloff, 208 
Haecker, 82, 147, 148, 394 
Haemal arches, 232 
Haemoglobin, 158, 179, 180 
Hairy Frog, 110, 164, 517 
Hall, 273 

Hall and Root, 433 
Hankinson and Adams, 457 
Hargitt, 145, 417 
Harington, 296 

Harms, 4, 39, 110, 138, 278, 307 
Harrison, 26, 28, 29, 33, 35, 440 
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Hartmann, 436 
Hatching of Alytes, 131 
Hay, 435 
Hayman, 268 
Head, 97 

Head structure of Gastrophryne 
carolinensis larva, 24 
Hearing, 341 

Heart, 34, 111, 185-187, 189, 190, 
208, 248 
function of, 193 
modifications of, 192 
muscles, 247 
output, 193 

of Rana ccteshHana, 190 
rate, 193 

of xSiren lacertina, 193 
Hecht, 420 

Hedonic glands, 109, 118, 137. 388, 
389 

Heesen, 180 
Hegner, 439 
Heidenhain, 283 
Heleophryne, 498 
Helcophryniriac, 498 
Helff, 31, 103, 292, 434 
Heliarchon, 476 
Helioporus, 97, 497 
Hemidactylium, 58, 69, 91, 126, 127, 
285, 389, 402, 414, 426, 481, 482 
cleavage in, 21 
limb development in, 33 
Hemidactylium scutaium, 481 
Hemidactylium scutalujn larv'a, 59 
Hemimantis, 525, 526 
Herniphractinae, 608-610 
Hemiphractus, 60, 125, 499, 509, 
511, 526 

Hernisinae, 527, 640 
Hemisus, 64, 538, 540 
Hemisua marmoratuniy 111 
Hemosporidia, 440 
Hernpelmann, 396 
Henderson, 457 
Henle’s loop, 269, 270 
Hepatic duct. 205 
Hepatic portal vein, 186 
Herbst, 149 
Hereditary factors, 19 


Hereditary mechanism, 86, 87 

Hereditary units, 81 

Heredity and development, 16-47 

Hering, 371 

Herlant, 19 

Heron-Royer, 41 

Herrick, 5, 323, 356, 358-300. 362, 


364, 369 
Herter, 337, 339 
Hertwig, 21, 38, 41, 42 
Herwerden, 304 
Hess, 344 

Heteroclitotriton, 476 
Hibbard, 16, 17 
Hibernation of frogs, 418 
Hildebrandtia, 520 
Hill. 151, 434 
Hilton, 184 
Hilzheimer, 127 
Hind limbs, 186 

in frog and salamander larvae, 25 
musculature, 259 
Hindbrain, 357 

Hinsche, 381, 384, 395, 410-412, 
423, 424 
Hodge, 415 
Hoffman, 465 
Hogben, 301, 304 
Hogben and Winton, 300 
Holl, 438, 441 

Holldobler and Schulze, 310 
Holmes, 412, 418 
Homing, 404, 405 
instinct, 403 
visual impressions, 404 
Homology, basis of, 31, 32 
of muscle, 248 
Hopkins, 323, 324 
Hoplophryne, 68, 162, 539 
Hoplophryne rogersi^ 118 
Hoplophryne uluguruenms, 117, 118 
Hoplophryninae, 639, 640 
Hormones, 39, 102, 146, 151, 179, 
194, 296, 300 
in evolution, 98 
and metabolism, 434 
testicular, 109 
Horny claws, 49 
Horny growths, 138 
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Horny plates, 67 
Hoskins, E. R., and M. M., 293 
Houssay and Giusti, 299 
Houssay, Giusti, and Gonzalez, 299 
Houssay and Ungar, 145 
Howes and Ridewood, 243 
Howes and Spaul, 299 
Howland, 271 
Hubbard, 423 
Humerus, 118, 240, 241 
Humidity, 433 
change, responses to, 421 
Humphrey, 21, 22, 277, 279, 280, 307 
Hunger contractions, 347 
Hunting instinct, 390 
Huxley, 292 

Huxley and Belehrddek, 296, 300 
Huxley and Fulton, 301 
Hybridization, 40-42 
and origin of species, 42 
Hybrids, 40, 87 
false, 40 

Hydromantes, 59, 126, 276, 449, 

• 454, 482, 483 

Hydromantes genei, 137, 422, 483 
Hydromantes italicxts, 133, 137, 310, 
328, 483 

Hydromantes plafycephalus, 125, 483 
Hydrostatic organs, 62, 87, 167, 168, 
240 

Hyla, 66, 68, 69, 88, 99, 120, 151, 
153, 407, 408, 423, 451, 456, 
508-514, 526 

Hyla andersoniy 87, 97, 152 
Hyla arbor ea, 111^^80, 347 
Hyla arborea japonica, 276 
Hyla arborea meridionalisj 508 
Hyla arenicolorj 97, 152, 409, 436, 
444, 454 

Hyla hrunnea^ 88 
Hyla caeruleaj 409 
Hyla cinerea, 415 

Hyla crucifer, 72, 95, 406, 407, 419 

Hyla dominicensis, 88, 97, 512 

Hyla faber, 68 

Hyla goughi, 146 

Hyla heilprini, 118 

Hyla humeralis, 118 

Hyla leprieuri, 111 


Hyla lichenata, 512, 513 
Hyla maxima, 118, 509 
Hyla nasuta, 510 
Hyla nigromacvXaius, 512 
Hyla phaeocrypta, 408 
Hyla pollicaris, 118 
Hyla pulchella, 513 
Hyla regiUa, 97, 408 
Hyla roseribergi, 68, 404 
Hyla {N yciimantis) rugiceps, 511 
Hyla uranochroa, 69, 119, 513 
Hyla vasta, 95, 96, 99, 134, 512, 513 
Hyla venulosa, 426 
Hyla versicolor, 62, 69, 144, 152, 
344, 408, 419, 436 
Hylaeobatrachus, 465 
Hylambates, 67, 112, 524-526 
Hylarana, 521, 522 
Hylella, 508 

Hylidae, 67, 70, 90, 118, 130, 329, 
408, 448, 495, 608-614, 524, 526 
Hylinae, 509, 610-614 
Hylodes petropolitanus, 75 
Hylonomidae, 463 
Hylonomus, 243 
Hylophorbus, 533 
Hylorina, 499 
Ilylorina sylvatica, 600 
Hyloxalus, 507 
Hymcnochirus, 231, 489-491 
Hynobiidae, 48, 49, 51, 138, 146, 
226, 282, 283, 386, 448, 466- 
468, 472 

fertilization in, 16 
Hynobius, 51, 80, 92, 150, 159, 274, 
275, 343, 357, 406, 467 
eggs, larvae, 49 

number and size, 48 
Hynobius keyserlingii, 468 
Hynobius kimurai, 468 
Hynobius lichenalus, 273, 386 
Hynobius peropus, 467 
Hynobius vandenhurghi, 466 
Hyobranchial apparatus, 30, 101, 
102, 159, 224, 226 
Hyobranchial muscles, 264 
Hyoid, 159, 162, 166, 170, 173, 223, 
226 

Hyomandibular, 6, 221 
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Hypaxial musculature, 249, 251 
Hyperolia, 70, 498 
Hypcrolius, 67, 408, 452, 524, 525 
Hypnotic response, 381 
Hypnotic state, 424 
Hypobranehial, 249 
Hypogeophis, 76, 106, 210, 230, 
307, 403 

Hypoglossal fenestra, 213 
Hypoglossal nerves, 213, 360 
Hypopaehus, 532, 530, 537 
Hypophyseetorny, 40, 140 
Hypophysis, 23, 28, 297 
Hypothalamus, 302 

I 

Ichthyophis, 76, 463, 405 
fehthyophis glulino.si/s, ehoiulrocran- 
iuni of, 219 

Identification of sex, 285 
Ileolurnharis, 250 
Ilia, 240 

Iliacus externvis. 202 
Ilioextensorius, 202 
Iliofibularis, 202 
Iliotibiaiis, 202 
Ilium, 7, 239, 262 
Immobility, tonic, 424 
Impulses, sympathetic, 248 
Individuation of reflexes, 34 
Indobatrachus, 498 
Inferior colliculus, 303 
Inferior labial cartilage, 24, 30 
Infundibuhnn, 296, 298 
Inguinal blotches, 153 
Inguinal glands, 120 
Inner ear, 222, 338 
Instinct, brooding, 413, 414 
homing, 403 
hunting, 390 
and intelligence, 377-398 
mechanism of, 390 
parental, 412 
patterns, 396 

phylogenetic change of, 384 
Insulin, 301 

Integument, 3, 31, 35, 96, 130 - 
167 , 182 


Integument, in respiration, 163 
vascularitv of, 182 
Intelligence, 395 
Intercentrum, 8. 228 
Intcrelavicle, 7, 234 
Interdorsals, 227 
Intergeneric crosses, 41 
Intergrades, 91 
Intermedivun, 33, 242 
Internal fertilization, 88 
Internal nares, 171, 173, 213 
Internal respiration, 158 
Interpterygoid vacuities, 8, 213 
Interrenal tiss\ie, 303 
function of. 304 
Intersegrnental v(‘in, 195 
Interstitial cells, 305 
Intertemporals, 213 
Intervent rals, 227 
Intestinal diverticula, 105 
Intestinal epithelium, 183, 207 
Intestinal glands, 206 
Intestines, 111, 203, 20.5-207, 209 
effect of food on, 209 
in frog larvae, 55 
in frog tadpoles, 25 
large, 208 

Intromittent organ everted, 464 
Imikai, 194 

Iodine and metamorphosis, 295 
Iriki, 276 
Iris, 326, 329 
Ischiadic vein, 196 
Ischioflexorius, 260, 262 
Ischium, 239 

Islets of Langerhans, 205, 301 
Isolation, 82 
kinds of, 83 

in species formation, 82 
Isscrlin, 432 
Isyama, 197 

J 

Jacobshagen, 160, 204 
Jacobson’s organ, 326 , 358 
Jaws, 62, 102, 166, 222, 244 
changes in, 219 
compared, 220 
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Jaws, lower, 213 
muscles, 263 
tubercle on lower, 172 
Jensen, 294 
Johnson, 150 

Johnston and Cleland, 440 
Jolly and Lieure, 197 
Jordan, 85, 412 

Jordan and Speidel, 180, 182, 183 
Jugal, 212 

Jugulars, external, 186 
internal, 186 

K 

Kahn, 110 

Kalophryninae, 45, 451, 506, 636, 
637 

Kalophrynus, 62, 536, 537 
Kaloula, 62, 536, 538 
Kaloulinae, 638 
Kammerer, 93, 194 
Kampmeier, 195 
Kandler, 110, 111 
Kappers, 365 
Kassina, 67, 524, 525 
Kassina senegalensis, 67, 526 
Keith, 173 
Kellicott, 80 
Kellogg, 415 
Kennel, 281 
Kenyon, 431 

Kidney, 183, 186, 193, 208, 266, 
269 

function of, 270 
metanephric, 269 
regulatory mechanism of the 
amphibian, 272 
Kiesewalter, 358, 359 
Kingsbury, 184, 202, 206, 319 
Kingsbury and Reed, 222 
Kingsley, 244 
Kirkland, 415 
Kleine, 309 
Klier, 110 
Klinge, 387 

Klingelhoffer, 109, 114, 282, 388, 
417, 454 
Kohl, 333 
Komine, 110 


Koppdnyi and Pearcy, 411 
Korschelt, 36, 37 
Kraupl, 193 
Krefft, 409 

Krizenecky and Petrov, 210 

Krogh, 174, 301, 431 

Krohn, 437 

Kropp, 145, 146 

Kruger and Kem, 151 

Kuhlenbeck, 359, 362, 365, 367, 369 

Kuhn and Groebbels, 310 

Kuki, 270 

Kunde, 422 

Kunitomo, 400 

Kuntz, 373 

Kurepina, 323 

Kuroda, 343 

Kyle, 115 

L 

Labyrinth, membranous, 334, 335, 
336 

Labyrinthodontia, 6, 8-10, 76, 130, 
201, 214, 216, 221, 226, 227, 
234, 257, 469-461 
Lacrimal bone, 215, 328 
Lacrimal duct, 329 
Lacrimal gland, 3 
Lactic acid, 158 
Lagena, 336 
Land bridges, 451 
Langendorff, 412 
Langerhans, islets of, 205, 301 
Langlois and Pellegrin, 422 
Lankes, 409 
Lankesterclla, 441 
Lantz, 94 

Lapicque and Petetin, 175 
Large intestine, 205 
Larger parasites, 441 
Larson, 299 

Larvae 1, 23-25, 50, 171 
Larvae, permanent, 102, 470 
Larval life, 13 
Larval teeth, 76, 139 
tail and gills, 25 
Laryngeal cartilages, 169, 226 
Laryngeal skeleton, 226 
Larynx, 168-170. 174 
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Lateral-line canals, 212 
Lateral-line nerves, 319 
Lateral-line organs, distribution of, 
320 

relation of color pattern to, 148 
Lateral-line sense organs, 53, 79, 
148, 318, 319 
Latissiinus dorsi, 257 
Latreille, 2 
Laubmann, 326 
Laurens, 145, 431 
Laurens and Greene, 339 
Leaping of salamanders and frogs, 
425 

Ix^arned behavior, 302 
Lebrun, 282 
Leeliriodus, 497, 498 
Lechriodus melanopyga, 113 
Legs, 12 

regeneration of, 36 
Ivehmann, 32 
I-/t*ngth of life, 443 
1^‘ns, 28, 29. 37, 326 
regeneration of, 37 
Lepidosiren, 164 

Lepospondyli, 4, 10, 1 1, 231, 234, 462 
Ix'ptobraehella, 493 
L<‘ptobrachiuni, 402 
LejUobrachium carinense, 382 
L(‘ptodaetylidae, 72, 496 
Leptodactylinac, 604-606 
Lt'ptodactylodon, 518 
Leptodactylus, 68, 72, 120, 504, 505 
Leptodactylus ocellatus, 68, 110, 117, 
145 

Leptodactylus pentadactylus, 135, 404 
L<‘ptopelis, 67, 153, 524-526 
Lejdopelis aubryif 119 
Leptopelis brevirostris, 125, 518 
Lepto pells rufus, 119 
Leptopelis tessmanni, 42 
Leptorophus iener, 10 
Leucocytes, 179, 184 
Leurognathus, 202, 480, 481 
Leuroguathus marmorala intermedia , 
' 122 

Leurognathus marmorala marmorala, 
122 

Levy, 420 


Lewis, 256 
Leydig, 115 
Leydig cells, 102 
Liang, 270 
Lichtenstein, 438 
Life, length of, 443 
Life history, inode of, 48-78, 75 
Light stimulations, 146 
Limbs, 4, 7, 33, 103, 240, 244 
development of, 32, 33 
hind, 256 

modification of, 138 
muscles, 247, 249 
seeondan.-, 38-39 
Lirnnerpetontidae, 463 
Lirnnodynastes, 76, 497 
Limnodynastes dorsalis, 114 
Lirnnodynastes tasrnaniensis, 282 
Limnomedusa, 504 
Lindeman, 34, 149, 328 
Linden, 147 
Linnaeus, 2 

Liopelma, 234, 257, 485 
ventral body muscles, 266 
Liopelmiilae, 75, 76, 229, 231, 234, 
448. 462, 486-486, 405 
Liophr>'ne, 531 
Liophryne rhododaclyla, 531 
Lipase, 207 

Lipophorcs, 141, 143, 144, 148, 150, 


Litzelrnann, 335 
Liver, 110, 180, 205, 207, 208 
Loeher, 340 
Locomotion, 6, 92 
modes of, 247 
Loeser, 360, 364, 370 
Lohner, 380 
Lophyohyla, 511 
Lower jaw, 213 
Lower limb bones, 243 
Loxommidae, 460 
Lubosch, 263 

Luckhardt and Carlson. 176 
Lullies, 411 
Lunglessness, 173 

Lungs, 5, 62, 87, 110, 141, 158, 162, 
164-166, 168, 170-173, 186, 187, 
189, 190, 192 
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Lungs, comparison of, 167 

in frog and salamander larvae, 25 
rudiments, 165 
Luther, 29 
Lutz, 75, 419 
Lydekkerinidae, 460 
Lymph, 115, 195 
Lymph hearts, 195, 197 
Lymphatic vessels, 195, 196 
Lymphocytes, 179, 182-184 
Lymphoidal tissue, 184 
Lysorophus, 11, 160, 463 

M 

Macela and Seliskar, 159 
Macropelobates, 494 
Macrophages, 182, 183, 197 
Manculus, 55, 91, 124, 479, 481 
limb development in, 33 
Mandible, 220 
larval, 52 

Mangold, 27, 34, 37, 249, 424 
Mangold and Eckstein, 425 
Mantella, 525, 526 
Mantidactylus, 525, 526 
Mantipus, 530 
Mantophryne, 64, 535, 536 
Mantophryne macrops, 536 
Marbled salamander, 472 
Marcus, 159, 165, 166, 169, 170, 
174, 195 

Marcus and Blume, 230, 232 
Marine Toad, 135 
Marsupial frogs, 54, 59, 160, 509 
Martin, 363 

Martin and Armistead, 304 
Marx, 300 
Massctcrs, 264 
Mastodonsauridae, 461 
Mating instinct, 390 
Matthes, 324, 340, 417 
Matthew, 85, 452 
Matthews and Detwilcr, 380 
Maurer, 103, 141, 208, 252, 253, 
308 

Mauthner^s coll, 369 
Maxillary, 102, 103, 215, 218 
Maximow, 183 


Mayenne, 443 
McAtee, 405, 418 
McClure, 438 
McCord and Allen, 310 
McDonald, Leisure, and Lenneman, 
202 

Mcliibben, 360 
McNally and Tait, 338 
Meantes, 465, 484 
Mechanoreceptors, 339 
Meckel’s cartilage, 25, 220 
Medialia, 33, 242 
Median eye, 309 
Medulla, 176, 194, 365 
motor portion of, 366 
Medulla oblongata, 357 
Megaelosia, 504, 534 
Megalixalus, 112, 452, 524, 525 
Megalixalus fomasiniit 113 
Megalixalus leptosomus^ 113 
Megalixalus spinosus, 113 
Megalobatrachus, 13, 48, 103, 162, 
184, 226, 257, 267, 274, 326, 
399, 410, 443 

Megalobatrachus japonicus, 468, 469 
Megalobatrachus maximus, 443 
Megalophrys, 69, 101, 119, 423, 492, 
493 

Megalotriton, 476 
Megophryinae, 492 
Mekecl, 168 
Melanin, 144, 148, 149 
Melanism, 160 
Melanobatrachinac, 638-639 
Melanobatrachus, 538, 539 
Melanophores, 141, 143 , 151 
Memory, associative, 392 
muscle, 395, 404 
Mental bone, 221 

Mento-Meckclian bones, 24, 172, 264 
Mertens, 80, 120, 422 
Mesenchyme, 30, 147, 195 
Mesenteries, 205 
Mesoderm, 30, 184 
Mesomere, 267 

Mesonephric tubules, 268, 275 

Metabolic rate, 180, 210, 431 

* 

of breeding season, 434 
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Metabolism, 110, 179, 185, 206, 431 
and behavior, 434 
calcium, 308 
and environment, 432 
hormones and, 434 
starvation, 434 
Metacarpus, 117 

Metamorphosis, 25, 30, 50, 103, 
292, 293, 295 
iodine and. 295, 296 
part of mechanism of, 30 
thyroid and, 292 
Metanephric kidney, 269 
Metatarsal tubercles, 96 
Metcalf, 88, 440 
Metoposauridae, 461 
Mibayashi, 267 
Michaelsen, 441 
Micrixalus, 521-523 
Microbrachidae, 463 
Microhyla, 101, 510, 537, 538 
Microhijla a'Chatina, 69 
Microhyla heymonsii, 60 
Microhyla rubra, 537 
Microhylinae, 451, 506, 637-638 
Micropholidae, 460 
Microsaurs, 130 
Microscopic parasites, 438 
Midbrain, 357, 362, 367, 369 
Mij'ration, 399, 400, 401, 403 
humidity and temperature, 422 
routes, probable, 460 
Minlicr^^ 90 
Miner, 241, 258, 259 
Mitrolysis, 497 
Mixed nerves, 370 
Mixophyes, 497 
Mode of life history, 48-78 
Modern amphibia, 12 
Moesel, 53 
Molt, 139 
Monakow, 360 
Monilia, 438 

Monocytes, 179, 182, 183 
Montsechobatrachus, 485 
Moore, 185 

Morgan, 80, 82, 83, 108, 127, 322, 
419 

Mosaic formation, 26 


Moszkowski, 21 

Mountain-brook inheritance, 49 
Mountain-brook larvae, 51 
Mountain-brook newts, 114 
Mouth, 66, 70, 74 

parts, modification of, 69 
tadpole, 63 

Movements, coordination of, 371 
swimming, 379 
Muchin, 366 
Mucin, 134 

Mucous cells, 202, 203 
Mud Puppy, 484 
Muhse, 139 
Muller, 209 
Muller, 85 
Miiller-Erzbach, 420 
Mullerian duct, 272, 276, 281 
Munz, 415 

Muscle memory, 395, 404 
Muscles, body, 249 

extensor and flexor, 259 
forelimb, 266 
heart, 247 
homology, 248, 259 
liyobranchial, 264, 263 
jaw, 263 

non-striated, 247 
pectoralis, 258 
smooth, 301 
striated, 247 
subhyoid, 170 
temporal, 215 
visceral, 263 
M. interneurales, 250 
M. intertransversarii, 250 
M. longissimus dorsi, 250 
M. obliquus extemus, 252 
M. obliquus intemus, 252 
M. rectus abdominis, 252 
M. rectus lateralis, 252 
M. rectus profundus, 252 
M. rectus superficialis, 252 
M. transversus, 252 
Muscular system, 247-265 
Musculature, arm and shoulder, 266 
common type of, 260 
dorsal, 260 
of head, 263 
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Musculature, hind limb, 259 
tail, 249 
tongue, 226 
ventral, 234, 261, 254 
Mushroom tongue, 201 
Mutations, 80, 81, 86 
Myers, 184 
Myobatrachus, 498 
Myocommata, 248, 250, 251 
Myoseptum, 227, 249 
Myotomes, 247 

N 

Naef, 233 

Nakamura, 109, 307 
Nannobatrachus, 518-519 
Nannophrys, 519 
Nares, 172 
Nasal bone, 215 
Nasal capsule, 29, 172, 216 
Nasal chamber, mechanism of clos- 
ing, 172 

Nasal passage, 3 
Naso-labial glands, 137 
Naso-labial grooves, 124, 136 
Natalobatrachus, 66 
Natural selection, 85, 86, 93 
Nectodactylus, 536, 537 
Nectophryne, 503 

Nectophrynoides, 74, 273, 494, 501, 
502, 503 

Nectophrynoides tomieriy 409 
internal fertilization in, 15 
Nectophrynoides viviparOy 74, 601 
Nectridia, 11, 463 

Necturus, 40, 50, 98, 102-104, 145, 
147, 162, 164, 167, 176, 180, 
187, 206, 215, 226, 233, 234, 
256, 275, 284, 285, 293, 298, 
308, 326, 331-335, 341, 344, 

347, 358, 360, 363, 364, 367, 

391, 392, 414, 416, 421, 443, 

449, 453, 483, 484 

Necturus macvlosuSy development of, 
20 

vascular system of, 188 
viscera of, 203 


N. macvlosus lewisiy 98, 99, 484 
N. punctatusy 484 
Nematodes, 441 
Neoteny, 104 
Nephrostomes, 267 
Nerve endings, free, 321 
Nerves, 38 
hypoglossus, 366 
mixed, 370 
spinal, 369 
spinal cord and, 369 
Nervous mechanisms, 146 
Nervous system, 33, 363-376 
Nervus terminalis, 360 
Nesobia, 493 
Nesomantis, 495 
Nesomantis thomassetiy 494 
Neural arch, 230 
Neural crest, 370 
Neural plate, 26, 32, 357, 369 
Neural tube, 27 
Neuro-motor mechanism, 378 
Neurons, 353 
Neutrophiles, 183 
Newts, 166, 167, 171 
archenteron in, 31 
European, gastrulation in, 21 
hybridization in, 40 
regeneration of hyoid in, 36 
regeneration of limbs in, 36 
regenerative capacity in, 39 
transplanting neural plate, 32 
Nicholas, 34, 340, 371, 417 
Nictitating membrane, 328 
Nieden, 465 
Niemack, 322 
Nikitin, 164 

Noble, 2, 42, 52, 62, 64, 68, 73, 102, 
111, 123, 124, 131, 139, 148, 
168, 173, 189, 226, 241, 258, 
260, 293, 295, 415, 416, 418, 
440, 451, 507, 508, 517, 543, 
679 

Noble and Brady, 131, 138, 389, 390 
Noble and Farris, 103, 112, 113, 115, 
410 

Noble and Jacckle, 95 
Noble and Noble, 97, 400, 404 
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Noble and Parker, 529 

Noble and Pope, 16, 93, 98, 284, 305 

Noble and Richards, 299 

Noble and Weber, 284 

Norris, 333, 337 

Nose, 28 

Nostrils, 99, 170 

Notaden, 498 

Notochord, 31, 227, 230, 232 
Notophthalmus, 475 
Nototrema, 609 
Nucleus, 180, 181 

Nuptial pads, 108, 109, 111, 112, 
117 

Nussbaum, 282 
Nyctibates, 517 
Nyctibatrachus, 518 
Nyctimystes, 508, 513 

O 

Oak toad, 73 
Obreshkove, 332 
Obturator foramen, 239 
Occipital, 214 
Occiput, 244, 249 
Oculomotor, 361 
Odors, 137 
Oedipina, 482 

Oedipus, 59, 95, 99, 146, 454, 482, 
483 

Oesophagus, 202 
Okada, 83, 456 
Okajima, 326, 329 
Okajima and Tsusaki, 327 
Olfactory centers, 3 
Olfactory epithelium, 323, 324 
Olfactory hairs, 324 
Olfactory lobes, 357 
Olfactory nerves, 357 
Olfactory organs, 321, 323 
Olfactory sense, 412 
Olfactotactile center, 360 
Olfactovisceral center, 360 
Oliver and Eshref, 271 
Olm, 483 
Olmsted, 302 
Omohyoideus, 255 
Omostemum, 237 


Omphalo-mesentcrics, 185 
Ontogeny, 101 

Onychodactylus, 49, 52, 138, 274, 
275, 467 

Onychodactylus fischeri, 467 
Onychodactylus japonicus, 467 
larvae of, 138 
Ooeidozyga, 489, 519 
Ooeidozyga laevis, 519 
Ooeidozyga semipalmata, 519 
Opalina ranarum, 439 
Opalinid parasites, 88, 439 
Opercular sac, 24, 25 
Operculum, 103, 160, 162, 171, 221 
Ophryophryne, 493 
OpisthOcoela, 486 
Opisthocoelus vertebra, 9, 229 
Opisthotic, 215 
Optic centers, 3 
Optic cup, 28, 37 
Optic radiation, 362 
Optic vesicles, 360 
Oreobatrachus, 519 
Oreophryne, 532, 536 
Oreophrynella, 231, 606-507 
Organizers, 26, 27, 38 
Organs, adrenal, 302 
of chemical sense, 321 
lateral-line, 318 
olfactory, 323 
pineal, 309 
tactile, 321 
of taste, 322 
urogenital, 266 
Os thyreoideum, 225 
Osmotic conditions, 77, 193 
Ossification in skin of Salientia, 612 
Osteolepidae, 5, 7, 213 
Osteolepis, 213 
Otic capsule, 6, 37, 221, 335 
Otic notch, 213 
Otophryne, 536 
Ovarian sacs, 277 
Oviducts, 59, 94, 282 
gravid Salamandra, 64 
Ovocyte, developing, 281 
Ovogonia, 277 
Ovo viviparity, 15, 59, 74 
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Ovulation, 281 
Oxydactyla, 531 
Oxygen, 68, 158, 179, 182, 207 
consumption, 431 
Oxyglossus, 498, 519 
Oxyglossus lacvis, 519 
Oxyglossus semipalmata, 519 
Oxyhaemoglobin, 159 

P 

Pachypalaminus, 466, 467 
Pachytriton, 218, 474, 475 
Pack, 416 
Pads, friction, 521 
nuptial, 108, 111, 117 
Pain cry, 409 

Palaeobatrachidae, 449, 496-496 
Palaeobatrachus, 495 
Palaeohalrachus diluvianus, 496 
Palaeobatrachus luedecki, 495, 496 
Palate, 102, 215, 216, 217, 218 
Palatoquadrate, 25, 102, 218 
Pallial cortex, 360 
Palmatorappia, 524 
Palmer, 332 

Paludicola, 71, 72, 496, 504, 505 
Pancreas, 205, 206, 301 
Pancreatic juice, 206 
Papilla basilaris, 336, 337 
Parachordal cartilages, 230 
Parallelism, 91, 153 
Parapophyses, 232 
Parasites, 438, 441 
Parasphenoid, 214, 216 
Parasympathetic, 371 

Parasympathetic impulses, 248 

% 

Parathyroids and ultimobranchial 
body, 307 

Parental inatincti^415^^ 
Parhoplophryne, 539 
Parietal bones, 215 
Parker, 321, 330, 343, 504 
Parmenter, 41 
Parotic crest, 222 
Parotoid glands, 120, 514 
Pars anterior, 298, 299 
Pars intermedia, 145, 146, 297, 298, 
300 


Pars nervosa, 298 
Pars posterior, 298, 300 
Patch, 150, 295 
Patterson, 348 
Pawlas, 149 
Pearse, 344, 421 
Pectineus, 260 
Pectoral amplexus, 76 
Pectoral girdles, 6, 7, 9, 90, 234, 236, 
237, 244, 528 
Pectoral muscles, 257, 258 
Peduncles, 73 
Pelion, 9 
Peliontidae, 462 
Pellegrin and Langlois, 422 
Pelobates, 97, 119, 151, 296, 335, 
343, 493, 494 

Pelobates fuscusy hybridization in, 41 
Pelobatidae, 75, 76, 111, 119, 130, 
226, 230, 243, 258, 448, 491, 
492-496, 496, 498 
Pelobatinae, 492, 493-494 
Pelodytes, 111, 137, 243, 493, 494 
somatic number of chromosomes 
in, 18 

Pelodytes punctatus, 113 
Pelophilus, 489 
Pelvic embrace, 75, 76 
Pelvic girdle, 237, 256 
Pelvic gland, 16, 285 
Pelvis, 7, 187, 231, 237, 238, 244, 
249, 259 
Pentimalli, 183 
Pepsin, 206, 207, 208 
P6r6delsky and Blacher, 151 
Perennibranchs, 98, 104, 166, 170, 
180, 254 

Pericardial cavity, 163, 195 
Perichordal sheath, 227 
Perilymphatic duct, 337 
Peritoneal cavity, 151, 195 
Peritoneum, 203, 205 
Permian urodele, 463 
Pemitzsch, 148 
Peter, 222 
Petrohyoidei, 263 
Petromyzon, 291, 310 
Petropedetes, 121, 521 
Petropedetes newtonij 117, 120 
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Petropedetes palmipes, 621 
Petropedetinae, 620, 621 
Phagocytosis, 182 
Phalangeal formula, 243 
Phalanges, 95, 243, 608 
Phanerotis, 497 
Pharyngeal movements, 17b 
Pharynx. 165, 168, 187 
Philautus, 525 
Philocryphus, 497 
Philoria, 498 
Phisalix, 133, 134, 137 
Pholidogasteridae, 460 
Photosensitive cells, 330 
Phototropic response, 401 
Phototropism, 344, 419 
Phractops, 497 
Phrynella, 537 

Phrynobatrachus, 66, 112, 515, 516 
Phrynoderma, 525 
Phrynomantis, 533, 534 
Phrynomerinae, 638 
Phrynomerus, 538 
Phrynomerus bifasciata, 134 
Phrynopsinae, 618 
Phrynopsis, 518 
Phrynopsis boulengeri, 518 
Phrynopsis ventrimaculata, 518 
Phrynopsis usumbarae, 125 
Phyllobates, 60, 69, 70, 95, 152, 
415, 507 

Phyllobates nubicola, 113 
Phyllomedusa, 69, 95, 282, 401, 
513, 514 

Phyllomedusa bicolor, 613 
Phyllomedusa calcarifer, 513 
Phyllomedusa moreleti, 513 
Phyllomedusa perlala, 514 
Phyllomedusa spurrelli, 513 
Phyllospondyli, 4, 9, 10, 11, 234, 
461-462, 465 
Phylogeny, 101 
of brain, 367 
course of, 104 
function in, 91 
of Salientia, 486 
of secondary sex characters, 116 
of urodeles, 469 
Physalaemus, 504, 505 


Physiological characters, 97-98 
Piersol, 84, 329, 400 
Pigmentation, 141 

influence of the environment on, 
149 

Pigmentless eggs, 55 
Pike, 339 

Pineal foramen, 8, 214, 309 
Pineal organ, 309, 361 
Pipa, 60, 76, 96, 168, 226, 309, 335, 
362, 363, 414, 418, 491 
Pipa pipa, 491 

Pipidae, 75, 111, 138, 162, 168, 
197, 202, 221, 222, 226, 230, 
233, 318, 319, 418, 448, 486, 
489-491, 495 
Pipinae, 491 
Piquet, 277 

Pituitar>* gland, 35, 145, 151, 195, 
296, 297, 300, 301 
Pituitrin, 195 
Placoid scales, 219 
Plagiosternum, 461 
Plasma, 170, 197 

’ ’ u < t iJ I * , 

Plasma proteins, 193 i vv'*'-- 
Plasmocytes, 179 ‘ ' 

Piatyliyla, 530, 536 
Platymantia, 522, 523 
Platymantis solomonis, 522, 523 
Platypelis, 530 
Plectromantis, 504 
Plethodon, 57-59, 86, 91, 97, 126, 
127, 132, 286, 298, 402, 414, 
424, 426, 454, 481-483 
Plethodon cinereus, 57, 58, 84, 86, 
126, 152, 182, 283, 422, 424, 
443, 444 

Plethodon glutinosus, 84, 97, 132, 
153, 421, 423, 433 
Plethodon jordani, 90 
Plethodontid salamanders, gastrula- 
tion in, 22 

Plethodontidae, 65-57, 58, 74, 91, 
126, 136, 146, 148, 167, 215, 
216, 285, 298, 389, 448, 453, 
475, 477-483, 529 
Plethodontohyla, 530 
Pleurocentrum, 8, 9, 228, 229 
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PleuTodeles, 52, 109, 387, 475 
fixation of limb axes in, 33 
Pleurodeles poireii, 109 
Pleurodeles wcdtly 109, 233, 401, 443, 
475 

Pleurodelidae, 474 
Pleurodema, 72, 504 
Plicognathus, 469 
Pogonowska, 150 
Poison glands, 133 
Poisonous secretions, 134 
Polar bodies, 281 
Polarization, 33 
Policard and Bonnamour, 304 
Poll, 40 

Polypedates, 66, 67, 69, 72, 153, 
452, 521-524, 526 
Polypedates arborea, 83 
Polypedates dennysi, 457, 624 
Polypedates malabaricus, 426 
Polypedates nigropahnatus, 426 
Polypedates schlegelii, 83 
Polypedatidae, 66, 90, 237, 520, 
624^626 
Polysemia, 476 
Polyspermy, 282 
Polystomum, 441 
Ponder, 180 
Ponse, 278, 305 
Ponse and Guydnot, 440 
Pope, 112, 457 
Popow and Wagner, 176 
Postcardinals, 185, 186, 195, 267 
Posterior limbs, regenerative capac- 
ity in, 39 
Postfrontal, 213 
Postma and Dolk, 434 
Postminimus, 242 
Postorbital, 212 
Post-temporal, 234 
Power, 42, 67 
Preadaptation, 94 
Prearticular, 213, 220 
Prefrontals, 215 
Prehallux, 242, 244 
Prehensile organs, 253 
Premaxillaries, 24, 172, 201, 215, 221 
Premaxillary teeth, 109 
Prenasal superior process, 172 


Prepollex, 108, 111, 112, 117, 118, 
126, 241, 242 
Prepubis, 240 
Presacral vertebra, 231 
Preservation reflexes, 391 
Prevomers, 216 
Procoela, 496, 496, 505, 514 
Procoelous vertebra, 9, 229 
Procoracohumeralis, 258 
Procoracoid, 236, 258 
Pronephros, 33, 185, 267 
Prootic, 215 

Propagation, ways of, 74 

Proprioceptive centers, 363 

Prostate, 287 

Protective coloration, 152 

Proteida, 465, 483 

Proteidae, 60-61, 448, 449, 483-484 

Proteins, 205, 208 

Proteus, 50, 92, 97, 103, 104, 132, 

134, 146, 149, 166, 180, 203, 

208, 210, 244, 275, 276, 293, 

295, 326, 331, 333, 358, 449, 

483 

Proteus anguinuSf 115 
Protopelobates, 489, 495 
Protopipa, 60, 76, 96, 414, 489, 491, 
495 

Protozoa, 438, 440 
Protractor lentis, 329 
Przibram, 37 
Przylecki, 271 
Pseudacris, 407, 510, 611 
Pseudacris nigrita, 407 
Pseudacris ocularis^ 407 
Pseudacris triseriata, 407 
Pseudhymenochirus, 489, 491 
Pseudinae, 496, 497, 499-600, 504 
Pseudis, 320, 497, 499 
Pseudis paradoxCy 98, 444 
Pseudobranchus, 50, 97, 103, 161, 
162, 236, 436, 484, 485 
Pseudobufo subasper, 603 
Pseudohemisus, 529 
Pseudophryne, 76, 498, 501 
Pseudophryne guenthen, 120 
Pseudoteeth, 125 
Pseudotriton, 100, 152, 497 
Pseudoiriton monlanus, 55 
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Pseudotriion ruher^ 55, 173, 202, 479 
Pternohyla, 508, 509, 512 
Pterygoideus, 264 
Pterygoids, 216, 218 
Pubis, 239, 240 

Puboischiofemoralis internus, 260, 
262 

Puboischiotibialis, 200 
Pubotibialis, 260 
Puente, 300 
Pulmonar>' arches, 190 
Pulmonary circulation, 172 
Pulmonary respiration, 171 
Pulmonary vein, 186, 189 
Pulsation, rate of, 193, 194 
Pupil, 92, 118, 329 
form, 90 
Pycraft, 113 
Pylangium, 189, 190 
Pyloric caeca, 208 
Pylorus, 203, 205 
I^riform, 358 
I^riformis, 262 

Q 

Quadratojugal, 215, 264 

R 

Rachitomi, 2, 8, 221, 223, 227, 229, 

236, 242, 406, 460 
Radiale, 242 
Radius, 240, 241 
Ramanella, 538 

Ramus communicans, 370, 371 
Rana, 41, 48, 62, 64-66, 76, 80, 91, 
97, 111, 120, 132, 141, 145, 

191, 197, 202, 203, 222, 230, 

237, 258, 276, 282, 294, 300, 

310, 323, 328, 331, 332, 342, 

343, 381, 393, 395, 423, 442, 

444, 449, 456, 498, 506, 510, 

514-516, 518-522, 526, 528, 

540 

archenteron in, 31 
embryos, 23 
fossil, 515 


Rana aesopuSj 97 
Rana arvalis, hybridization in, 41 
Rana aurora drayionii, 420 
Rana boylii boylii, 66, 392 
Rana burnsi, 87 

Rana catesbeiana^ 98, 120, 190, 292, 
381, 444, 454, 457 
Rana cavitympanum, 334 
Rana christyi, 517 

Rana damitans, 120, 141, 332, 342, 
344, 345, 395, 396, 405, 435, 
454, 487 

Rana esculenta, 88, 109, 144, 275, 
411, 432, 436 
Rana fusca, 115, 420 
hybridization in, 41 
Rana grayi^ 442 
Rana heckschen, 137 
Rana hexadactyla, 244, 433 
Rana holsiii, 118 
Rana kandiyohi, 87 
Rana mascareniensis, 510, 517 
Rana omaiissima, 416 
Rana paluslris, 135, 457 
somatic number of chromosomes, 
18 

Rana pipiens, 18, 80, 87, 145, 146, 
152, 183, 271, 281, 293, 299, 
310, 344, 345, 392, 419-^21, 
433, 454, 457 
Rana septentrionalisy 137 
Rana sphenocephala, 407 
Rana spinosa, 110 

Rana sylvatica, 18, 112, 113, 152, 
276, 277, 345, 410, 445 
Rana temporaria, 85, 113, 181, 183, 
268, 270, 277, 393, 434 
Rana virgatipes, 97, 408 
Ranaster, 497 
Ranavus, 515 

Ranidae, 64, 237, 449, 505, 616-624, 
527 

Raninae, 618, 520 
Ranodon, 49, 242 
Ranodon sibiricus^ 467 
Rappia, 525 
Rasping organs, 139 
Razwilowska, 393 
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Reaction, defense fight, 383 
feeding, 383 
time to light, 419 
Receptors, 317 
heat and cold, 322 
Recta, 88 

Rectus abdominis, 248, 254 
Rectus internus, 333 
Reed, 222, 335 
Reed and Kingsbury, 222 
Reese, 421 

Reflex arcs, 364 , 377 
Reflexes, in Ambystoma, develop- 
ment of, 378 
multiple uses of, 380 
preservation, 391 
snapping, 384 
swimming, 382 
*‘unken,” 380 
of walking, 379, 382 
Refractory period, 194 
Regeneration, 36-37 
capacity, 39-40 
Regenerative territories, 40 
Reis, 104, 149 
Reiter and Zondeck, 295 
Relationships and classification, 469 - 
643 

Renal corpuscle, 268, 273 
Renal portal system, 186 
Rennin, 206 
Rensch, 80 

Reproductive system, 266, 272 
Resonating organs, 408 
Resonating sacs, 170 
Respiration, 13, 186, 208 
buccopharyngeal, 166, 171, 172, 
192 

cutaneous, 166, 171, 186, 192 
integument in, 163 
pulmonary, 171 
ways of, 170 

Respiratory mechanism, 174 
Respiratory organs, larval, 61 
Respiratory responses, 176 
Respiratory system, 168-178 
Respiratory structures, 65 
Respiratory tail, 73 


Response, geotropic, 401 
to humidity change, 421 
to internal stimulation, 347 
phototropic, 401 
respiratory, 176 
stereotropic, 418 
to temperature change, 418 
Rete cords, 277 
Reticular formation, 365, 369 
Retina, 34, 145, 151, 330 , 331 
rods and cones of, 93 
Retractor bulbi, 333 
Retractor tentaculi, 333 
Rhacophorus, 66 
Rheotropism, 346 
Rhinatrema, 76, 465 
Rhinesuchidae, 460 
Rhinoderma, 71, 74, 415, 507 
Rhinodermatinae, 606 , 607 
Rhinophryninae, 600 , 601 
Rhinophrynus, 79, 140, 500, 501, 
503 

Rhizopoda, 440 
Rhombophryne, 530 
Rhombophryninae, 629-631 
Rhyacotriton, 51, 167, 260, 262, 
285, 472, 473 

Rhynophrynus dorsalis^ 501 
Ribbing, 259 
Ribs, 11, 229, 232, 244 
abdominal, 234 
sacral, 7 
Ridewood, 226 
Ridewood and Howes, 243 
Riech, 310 
Riley, 345, 418 
Risser, 340 

Ritter and Miller, 173 
Robson, 80, 84 
Rods, 330 
Rogoff, 388 

Rohon-Beard cells, 370 
Rollinat, 42 
Romeis, 293 

Romer, 9, 10, 255, 459, 462 
Rose, 66, 69, 115 
Rothig, 357, 358, 362, 367 
Rubner, 432, 434 
Ruud, 33 
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Ruzicka, 140 
Rylkoff, 256 

S 

Sacculiis, 335 
Sacral ribs, 240 
Sacrum, 231, 244 
variations in, 239 
St. Hiller, 210 

Salamander, 148, 166, 168, 175, 176, 
187, 190, 192, 253, 257, 259, 260 
Salarnandra, 53, 54, 109, 134, 252, 
328, 331, 387, 401, 402, 419, 
436, 473, 474, 476, 477 
Salaynandra atra, 53, 54, 59, 94, 135, 
168, 282, 320, 388 

SaUimatuira caucasica^ 118, 388, 389 
Salarnandra luschani, 118 
Salarnandra salarnandra, 53, 54, 94, 
97, 134, 135, 137, 143, 146, 149, 
150, 321, 388, 421, 476 
Salamandrella, 46, 91 
Salamandridae, 62, 55, 146, 167, 
389, 472, 473^76 

Salamandrina, 91, 167, 168, 173, 
388, 416, 454, 475 
Salamandrina lerdigitata, 476 
Saiamandroidca, 465, 471, 473 
Sailer, 110 
Salts, 205 
Samandaridin, 134 
Samandarin, 134 
Sainandatrin, 135 
Sanders, 440 
Saprolegnia, 438 
Sara.sin, 132 
Sartorius, 260 
Sasaki, 386 
Saurabatrachia, 465 
Sayle, 321, 341, 421 
Scales, 1. 8, 130, 158 
modern and extinct, 8 
placoid, 219 
Seaphiophryne, 529 
Scaphiopus, 97, 119, 140, 218, 406, 
444, 493, 494 


Scaphiopus hammondi, 403, 406, 

408, 415, 421 

Scaphiopus holbrookii, 406, 407, 409, 
494 

Scapula, 234 
Scapulo-coracoid, 234 
Schaeffer, 393 
Schaxel, 39 
Scheminsky, 340 
Schlampp, 333 
Scblosser, 388 
Schmalhausen, 33, 49, 242 
Schmid, 367 
Schmidt, 141, 144 
Schnakenbeck, 144 
Schotts, 28, 40 
Schoutcdenella, 515 
Schoutedenella globosa, 616 
Schrader, 360, 363, 366 
Schreitmuller, 40, 388 
Schultz, 194 

Schulze and Holldobler, 310 
Sclera, 327 
Scotobleps, 517, 518 
Scott, 438 

Scott, Biraben, and Fernandez- 
Marcinowski, 66 
Scutes dermal, 520 
Scutiger, 433, 492, 493 
Secondary sex characters, 108, 114, 
116, 117, 119, 121, 123, 305 
Segmentation of gonads, 280 
Selection, natural, 86 
Sembrat, 293, 296 
Semicircular canals, 336 
Semimembranosus, 260, 262 • 
Seminiferous tubules, 277 
Semitendinosus, 260 
Sense, olfactory, 412 
Sense organs and their functions, 
317-362 

Senses, dominant, 340 
Sensitivity to light, vision and, 343 
Septomaxillary, 215 
Serratus, 257 
Severinghaus, 30 
Sewertzoff, 101 
Sex, chromosome, 121 
cry, 409 


572 


THE BIOLOGY OF THE AMPHIBIA 


Sex defined, 108 

differences in skull, secondary, 123 
identification of, 286 
and its modification, 276 
products, 299 
recognition of, 115, 410 
by color, 412 
skin glands, 412 
reversal, 278 

and secondary sex characters, 

108-129 

Sexual activity, 180, 394 
Sexual characters, secondary, 116, 
117, 119, 305 

Sexual differences, in color, 116 
unexplained, 112 
Sexual dimorphism, 121 
of forelimbs, 110 

Sexual modification of manus, sec- 
ondary, 114 
Seydel, 325 

Shelford, 84, 400, 419, 421 
Shipley and Wislocki, 135 
Shoulder and arm musculature, 266 
Shoulder girdle, 12, 33 
Simomantis, 524 
Sinus venosus, 189, 194 
Siren, 50, 97, 102, 103, 134, 138 
161, 192, 203, 215, 233, 236, 
240, 280, 293, 294, 325, 326, 
357, 358, 367, 410, 416, 436, 
443, 463, 484, 485 
Siren Incerlina, heart of, 193 
Sirenidae, 48, 50, 52, 283, 484, 486 
Skeleton, 212-246, 248 
of early Amphibia, 212 
laryngeal, 226 
of modern Amphibia, 244 
in phylogenetic studies, 29 
visceral, 222 

Skin, 12, 103, 130, 133, 145, 162 
capillaries, 163 
as respiratory organ, 4, 140 
rugosity, 90 
shedding, 139 
texture, 96, 127 
transplanting, 149 


Skull, 12, 30, 212, 244 
bones, 102 
of Embolomeri, 212 
evolution of, 214 

progressive modification of, 213 
Skuse, 441 
Sluiter, 147 
Small intestine, 204 
Smell, 340 
Sminthillus, 70, 506 
Smith, 48, 145, 180, 225, 264, 281, 
296, 298-300, 386 
Smith and Smith, 298 
Smooth muscle, 301 
Snyder, 370 
Soderberg, 358, 367 
SoIIas, 11, 463 
Somites, 31, 214 
Sooglossinae, 492, 494, 496 
Sooglossus, 494, 495 
Sooglossns gardineri, 494, 495 
Sooglossus secheUensiSf 494, 495 
Sound stimulus, 342 
Sound transmitting apparatus, 334 
Spade, 242 

Spade-foot Toad, 493, 494 
Spaul, 299, 301 
Spaul and Howes, 299 
Spawning, 180 

Speciation, and adaptation, 79-108 
by dwarfing, 99 
in Plethodon, 466 
Species, defined, 80 
and subspecies, 42 
Speidel, 309 
Spelaeophryne, 539 
Spelerpes, 483 
Spemann, 21, 26, 27, 32 
Sperlerpes fiiscitSf 483 
Sperm, 101 

Spermatheca, 16^ 40, 283 
evolution of, 286 
Spermatic ampullae, 273 
Spermatogenesis, 18, 280, 307 
Spermatophores, 17, 109, 115, 283, 
387 

Spermatozoa, 15, 16, 40, 74, 108, 
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Sphenethmoid, 215 
Sphenophryne, 531, 532 
Sphenophryninae, 631, 632 
Spinal cord, 196, 364, 365 
Spinal ganglia, 370 
Spiracles, 24. 62, 71, 159, 166 
Spiracular notch, 6 
Spiral valve, 187 
Spleen, 180, 184 
Splenials, 213 
Sporozoa, 440 
Spring Peeper, 72 
Springer, 140, 436 
Squamosal, 215, 264 
Stapedial artery, 222 
Stapedial muscle, 222 
Stapes, 6, 221, 223 
Staurois, 64, 138, 521-524 
Steen, 272 
Stegopidae, 462 
Stegops, 10 
Steiner, 241, 366 
Steinitz, 34 
Steinmann, 346 
Stcreochilus, 318, 390, 480 
Stereocyclops, 536 
Stereospondyli, 8, 213, 229. 234, 
459, 460, 461 
Stereotropic response, 418 
Sterility, 88 
Sternohyoideus, 254 
Sternum, 233, 237 
Stewart, 175 
Stier, 345 
Stockard, 147 
Stohlcr, 18 

Stomach, 151, 202, 204, 206 
glands, 204 
Stone, 30 

Storer, 62, 97, 112, 115, 133, 388, 
400, 403, 405, 408, 414-416, 
444, 454 

Stratum corneum, 102 
Streeter, 335, 339 
Streuli, 330 
Striated muscle, 247 
Striatum, 358 


Strotgen, 388 
Stumpffia, 529, 531, 539 
Stutzer, 438 
Subba Ilau, 192 
Subclavian vein, 195 
Subcoracoscapularis, 259 
Subintestinal vessel, 185, 187 
Sublingual tonsil, 184 
Subpallium, 358 

Suctorial disc of mountain-brook 
tadpole, 66 
Sugars, 207 
Sulze and Garten, 433 
Surni, 298 

Superior labial cartilage, 24 
Superior olive, 365 
Supernumerary limbs, 40 
Supracleithrurn, 234 
Supracoracoideus, 258 
Supraoccipital, 214 
Suprarostral cartilage, 62 
Suprascapula, 222 
Surface, 415 

Surface law of energy consumption, 
434 

Survival, 84 

Sushkin, 222 

Sweet, 269 

Swett, 33, 38, 39 

Swimming reflex, 382 

Swingle, 145, 294, 295, 300, 304 

Sympathetic ganglion, 370, 373 

Sympathetic impulses, 248 

Sympathetic outflow, 371 

Sympathetic trunks, 373 

Symphygnathinae, 634-636 

Symphysial bones, 221 

Symplectic, 221 

Synangial valves, 190 

Synangium, 189, 191 

Synapse, 353 

Syngamy, 17 

Syrrhophus, 70, 500, 506 

Systemic arch, 187 

Systolic pressure, 193 

Szab6, 443 

Szymanski, 347, 419 
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T 

Tabular, 9, 221 
Tactile organs, 321 
Tadpoles, 74, 171, 195, 209 

carried on back of male parent, 
60, 70 
mouths, 63 

regeneration of giMs in, 36 
snout of, 121 
Tago, 399 

Tail, fin, 57, 61, 145 
loss of, 187 
musculature, 249 
prehensile, 114, 253 
regeneration of, 36, 39 
Tails, 12, 56, 58, 73, 102-104, 113, 
132, 187, 208 
Tait and McNally, 338 
Taniguchi, 150 
Tarsalia, 33, 242, 243 
Taste, 340 
bud, 202,, 322 
organs of, 322 
Taylor, 85 

Tectorial membrane, 337 
Teeth, 8, 9, 92, 102, 104, 123, 124, 
125, 139 

effect of testicular hormone on, 
306 

egg, 73 

epidermal, 102 
in frog tadpoles, 24 
labyrinthodont, 213 
larval, 139 
loss of, 91 

of male Hydromanies plaiycephcdus 
elongated, 126 
maxillary, 124, 126 
Telencephalon, 357 
Telmatobius, 499 
T elmatobius jelskii, 117 
Temperature, 86, 98, 193, 194 
and behavior, 433 
body, 431 

change, responses to, 418 
optimum, 421, 435 
preferences, 420 
Temporal and back muscles, 12 


Temporal bones, 12 
Temporal muscles, 215 
Temporalis, 251, 263, 264 
Ten Cate, 370, 391 
Tendons, 110 
Tensor chorioideae, 330 
Tensor fasciae latae, 262 
Terrestrial Plethodontids, 67 
Testes, 109, 273, 275 
Testicular hormone, 307 
Tetrapods, 174 
first, 2, 256 
skull early, 212 
Tetraprion, 512 
Thalamencephalon, 357 
Thalamofrontal tract, 362 
Thalamus, 358, 360, 367, 369 
Thigmotaxis, 346 

Throat, ventral musculature, 249, 
264 

Thrombocyte, 179, 182, 184 
Thumb, 126, 135, 139, 241 
Thymus, 292, 308, 309 
Thyroid, gland, 35, 98, 226, 291- 
292 

hormone, 98, 102, 103, 140, 296 
and metamorphosis, 292-296 
processes, 170 
Thyroidectomy, 140 
effect of, on regeneration, 39 
Tibia, 243 

Tibiale, 33, 242, 243 
Tilney and Warren, 309 
Toads, aglossal, 489 
burrowing, 96 
faces, 96 
fossil, 496, 504 
narrow-mouthed, 527 
Pelobatid, 493 
Pipid, 490 
Spade-foot, 493 
Toes, 62, 111, 114 
loss of, 91, 92, 97 
of tree frog friction pad, 136 
webs, 113 
Tongue, 201 
boletoid, 202 
form, 90, 201 
grooved, 633 
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Tongue, muscles, 226, 254 
Tonic immobility, 424, 425 
Tonsils, 184 
Tooth form, 127 

Tooth patches, parasphenoitl, 122 
Tooth rows, 65—68, 74-76 
Torclle, 344, 418 
Tornicr, 151 

Torrcblanca, Benjamin, and Allen, 
299 

Trabecula, 29, 30 
Trachea, 168-170 
Tracheal lung, 166 
Transplanting tissues during gas- 
trulation, 26 

Transverse process, 9, 11, 229 
Trematoda, 441 
Trematops, 242, 243 
Trematopsidae, 460 
Trematosauridae, 461 
Tretjakoff, 330 
Triceps, 259 
Trimerorachidae, 460 
Triplicate formation, 39 
Triprion, 130, 512 
Triprion petasatiis, 513 
Triturus, 41, 52, 309, 328, 343, 474- 
476 

hybridization in, 42 
Triturus alpestris, 151, 214 
Triturus cnstatus, 115, 143, 475 
hybridization in, 42 
Triturus dorsalis, 475 
Triturus meridionalis, 475 
Triturus palmatus, 113 
Triturus pyrrhogaster, 111, 112, 114, 
115, 150, 387, 388, 443 
Triturus torosus, 52, 112, 388, 475 
Triturus viridescens, 5^ 53, 109, 
388, 438, 444, 475 
Triturus vittatus, 115 
Trochlear, 361 
Tropistic response, 344 
Truncus, 191 
Trypanosoma, 438, 439 
Trypsin, 206, 207 
Tsusaki and Okajima, 327 
Tubercle, 138, 172, 233 
Twinning, 40 


Twitty, 29, 131 

Tylototriton, 52, 132, 218, 233, 
387, 449, 474-476 
Tympanic annulus, 35, 222 
Tympanum, 31, 35, 221, 226, 333 
Typhlomolge, 104, 285, 294, 333, 
480 

Typhlonectes, 76, 141, 166, 320, 465 
Typhlotriton, 92, 97, 98, 149, 150, 
333, 346, 347, 421, 480 
effect of light on, 34 
Tyrosin, 148, 150 

U 

Ubisch, 39 
Ueki, 111 

Uhlenhuth, 35, 291, 293, 298 
Uhlenhuth and Schwartzbach, 298 
Ulna, 241 
Ulnare, 242 

Ultimobranchial body, 166, 308 
Umbrella mouth, 69, 70 
Unicellular glands, 131 
Unken reflex, 380, 381 
Urea, 207, 208, 266 
Ureters, 272, 275 
Uric acid, 266 
Urinary bladder, 23, 276 
Urine concentration, 271 
Urogenital system, 5, 266-289 
stages, in transformation, 279 
Urostyle, 230 
Uterus, 74 
bicornuate, 273 
Utricular macula, 336, 339 
Utriculus, 335 

V 

Vagus, 176, 193, 263, 366, 367 
Vallois, 257 
Valves, 186, 195 
paradox, 192 
semilunar, 189 
spiral, 191, 192 
Vandel, 393 
Van der Heyde, 436 
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Van Leeuwen, 109 

Van Nifterik, 342 

Van Nifterik and Bruyn, 390 

Van Rynberk, 370 

van Seters, 222 

Van’t Hoff’s law, 431 

Variation, 80 

Vasa efferentia, 273, 275, 277 
Vascular system, 179 
development of, 185 
of Neclurus maculosriSy 188 
Vascular villosities, 110 
Vasoconstrictors, 194 
Vasomotor system, 175 
Vavilov, 88 
Vein, cardinal, 185 
ischiadic, 196 
Vena cava, 186 
posterior, 186 

Ventricle, 189, 190, 192, 194 
Verrier, 328 
Versluys, 252 

Vertebrae, 8, 9, 10, 226, 227, 250, 606 
coccygeal, 231 
development of, 230 
of extinct Amphibia, 228 
opisthocoelous, 229 
presacral, 231 
procoelous, 229 

Vertebral columns of Salientia, 488 

Vertebral veins, 196 

Verworn, 381 

Vesicula seminalis, 276 

Vestibular nucleus, 365 

Vialli, 309, 310 

Vidal, 495 

Vincent, 304 

Viscera, 111, 151 

Visceral arches, 166, 223 

Visceral muscles, 263 

Visceral skeleton, 222 

Visher, 455 

Vision and sensitivity to light, 343 
Visual cells, 332 
Vitelline mass, 205 
Vitelline membrane, 19, 281 
Vitreous humor, 331 
Vocal cords, 169, 170 


Vocal organs, 170 
Vocal pouch, 71, 109, 120, 400 
Vocal sac, 170, 408 
external, 408 
internal, 408 
Vogt, 21 

Voice, 87, 110, 406 
clue to species, 407 
recognition of sex, 408 
significance of, 408 
von Baer, 101 
von Braunmuhl, 184 
Vorticella, 439 
Voss, 282 

W 

Wager, 64, 66, 67 
Waggener, 308 
Walker, 270 

Walking, reflexes of, 379, 382 
Wallace, 426 
Walter, 40 

Warren and Tilney, 309 
Wastl and Seliskar, 159 
Water dog, 112 

Watson, 3, 5, 6, 213, 221, 223, 239, 
241, 243, 459, 460, 462 
Ways of Amphibia, 399-430 
Webbing, 99, 113 
Weber, 16, 205, 281 
Weed, 87 
Weiss, 37, 194 
Wellman, 406 
Welti, 305 
Wenrich, 439 
Wenyon, 438 
Werner, 93, 146, 147, 151 
-Werneria, 501, 502 
Wertheipier, 341 
Westph^, 30 
Wetzel, 28^ ? 

Whipple, 540^ 

Whiteside, 337 
Whitman, 345, 391, 413 
Whittard, 461, 462 
Wilder, 102, 132, 136, 138, 140, 
256, 292, 308, 323, 325, 346. 
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Willem, 173 
Williston, 3 
Wintrebert, 5, 16, 131 
Witschi, 85, 277 
Wolf, 299 

Wolffian duct, 269, 272, 273. 276 
Wolterstorff, 40, 150, 419, 443 
Wood Frog, 143 
Worm Salamander, 482 
Woronzowa, 151 

Wright, 62, 135, 322, 387, 399, 419, 
442, 456 

Wright and Allen, 386 
Wright and Wright, 74 
Wundcrer, 53 
Wurmbach, 36 

X 

Xenobatrachus, 535, 538 
Xeiiobatrachus bidens, 535 
Xenobatrachus giganteus, 535 
Xenobatrachus macrops^ 535 
Xenobatrachus rostratus, 535 
Xenopinae, 489 


Xenopus, 131, 145, 164, 172, 215, 
216, 231, 321, 400, 418, 461, 
489, 490, 491, 496 
Xenopus cliini, 490 
Xenopus laevis, 490 
Xenorhina, 535 
X-rays, 85 

Y 

Yamagiva, 273, 274 
Ycrkcs, 342, 390, 395, 396, 405 
Yosemite Salamander, 483 
Ypsiloid apparatus, 477 
Yung, 111, 209 

Z 

Zachaenus, 327, 500 
Zatrachydae, 460 
Zeleny, 40 
Zelleriella, 440 
Zenneck, 147 
Zepp, no, 112 
Zona pellucida, 281 
Zona radiata, 281 
Zondeck and Reiter, 295 
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AN INTRODUCTION TO GENETICS, A. H. Sturtevant and G. W. Beadle. A very thorough exposi* 
tion of genetic analysis and the chromosome mechanics of higher organisms by two of the 
world's most renowned biologists, A. H. Sturtevant, one of the founders of modern genetics, 
and George Beadle. Nobel laureate in 1958. Does not concentrate on the biochemical ap- 
proach, but rather more on observed data from experimental evidence and results . . . from 
Drosophila and other life forms. Some chapter titles: Sex chromosomes; Sex-Linkage; Autosomal 
Inheritance;: Chromosome Maps; Intra-Chromosomal Rearrangements; Inversions — and Incom- 
plete Chromosomes; Translocations; Lethals; Mutations; Heterogeneous Populations; Genes 
and Phenotypes; The Determination and Differentiation of Sex; etc. Slightly corrected reprint 
of 1939 edition. New preface by Drs. Sturtevant and Beadle. 1 color plate. 126 figures. 
Bibliographies. Index. 391pp. 5Vq x 8V2. S306 Paperbound |2.00 

THE GENETICAL THEORY OF NATURAL SELECTION, R. A. Fisher. 2nd revised edition of a vital 
reviewing of Darwin’s Selection Theory in terms of particulate inheritance, by one of the 
great authorities on experimental and theoretical genetics. Theory is stated In mathematical 
form. Special features of particulate Inheritance are examined: evolution of dominance, 
maintenance of specific variability, mimicry and sexual selection, etc. 5 chapters on man 
and his special circumstances as a social animal. 16 photographs. Bibliography. Index, 
x -f 310pp. 5% X 8. S466 Paperbound S2.00 


THE ORIENTATION OF ANIMALS: KINESES, TAXES AND COMPASS REACTIONS, Gottfried S. 
Fraenkel and Donald L. Gunn. A basic work in the field of animal orientations. Complete, 
detailed survey of everything known in the subject up to 1940s, enlarged and revised to 
cover major developments to 1960. Analyses of simpler types of orientation are presented 
In Part I: kinesis, kllnotaxis, tropotaxis, telotaxis, etc. Part II covers more complex re- 
actions originating from temperature changes, gravity, chemical stimulation, etc. The two- 
light experiment and unilateral blinding are dealt with, as is the problem of determinism 
or volition in lower animals. The book has become the universally-accepted guide to all who 
deal with the subject — zoologists, biologists, psychologists, and the like. Second, enlarged 
edition, revised to 1960. Bibliography of over 500 items. 135 illustrations. Indices, xiil + 
376pp. 5% X 8V2. T786 Paperbound $2.25 


THE BEHAVIOUR AND SOCIAL LIFE OF HONEYBEES. C. R. Ribbands. Definitive survey of all 
aspects of honeybee life and behavior; completely scientific in approach, but written in 
interesting, everyday language that both professionals and laymen will appreciate. Basic 
coverage of physiology, anatomy, sensory equipment; thorough account of honeybee behavior 
in the field (foraging activities, nectar and pollen gathering, how individuals find 
home and back to food areas, mating habits, etc.); details of communication in various field 
and hive situations. An extensive treatment of activities within the hive comrnunity — food 
sharing, wax production, comb building, swarming, the queen, her life and relationship witn 
the workers, etc. A must for the beekeeper, natural historian, biologist, entomologist, social 
scientist, et a). “An indispensable reference, ’ J. Hambleton, BtES. "Recommended In the 
strongest of terms,’’ AMERICAN SCIENTIST. 9 plates. 66 figures. Indices. 693-item blblioj^ 
raphy. 252pp. 5% x 8V2. T1137 Paperbound $2.00 


BIRD DISPUY: AN INTRODUCTION TO THE STUDY OF BIRO PSYCHOLOGY, E. A. Armstrong. 

The standard work on bird display, based on extensive observation by the author 
of other observers. This important contribution to comparative psychology covers the oe* 
havior and ceremonial rituals of hundreds of birds from gannet and heron to birds ot 
paradise and king penguins. Chapters discuss such topics as the ceremonial of 
ceremonial gaping, disablement reactions, the expression of emotions, the evolution ano 
function of social ceremonies, social hierarchy in bird life, dances of birds and men, songs, 
etc. Free of technical terminology, this work will be equally interesting psychologists ano 
zoologists as well as bird lovers of all backgrounds. 32 photographic plates. New iniroouc- 
tion by the author. List of scientific names of birds. Bibliography. 3-part index. 4Jip^ 
5% X 8V2. T1128 Paperbound $2.00 


THE SPECIFICITY OF SEROLOGICAL REACTIONS, Karl n/r 

cular Structure and Intermolecular Forces by Linus Pauling. Dr. l-andsteiner, winner 0 

Nobel Prize in 1930 for the discovery of the human blood groups. uthori- 

mental research and played a leading role in the development of * tl«ns 

tative study is an account of the experiments he and his colleagues carried out on aniig 
and serological reactions with simple compounds. Comprehensive coverage of me m 
concepts of immunolgy includes such topics as: The Serological Spec ^ 

Antigens. Antibodies. Artificially Conjugated Antigens. Non-Protein Cel Subyances such^^^^ 
polysaccharides, etc., Antigen-Antibody Reactions (Toxin Neutralization, Precipitin 
tions. Agglutination, etc.). Discussions of toxins, bacterial P'^°J^®'^ ’ n. Merrill 
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CULTURE METHODS FOR INVERTEBRATE ANIMALS, P. S. Galtsoff, F. E. Lutz, P. S. Welch. J. G. 
Needham, eds. A compendium of practical experience of hundreds of scientists and techni- 
cisns covering invertebrates from protozoa to chordata, in 313 articles on 17 phyla. Explains 
in great detail food protection, environment, reproduction conditions, rearing methods, 
embryology, breeding seasons, schedule of development, much more. Includes at least one 
species of each considerable group. Half the articles are on class insecta. Introduction. 97 
Illustrations. Bibliography, Index, xxix + 590pp. 5Ve x 8. S526 Paperbound $2.75 


THE BIOLOGY OF THE LABORATORY MOUSE, edited by G. D. Snell. 1st prepared in 1941 
by the staff of the Roscoe B. Jackson Memorial Laboratory, this Is still the standard treatise 
on the mouse, assembling an enormous amount of material for which otherwise you spend 
hours of research. Embryology, reproduction, histology, spontaneous turner formation, genetics 
of tumor transplantation, endocrine secretion & tumor formation, milk, influence & tumor 
formation inbred, hybrid animals, parasites, infectious diseases, care & recording. Classified 
bibliography of 1122 items. 172 figures, including 128 photos, ix + 497pp BVe x 
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MATHEMATICAL BIOPHYSICS: PHYSICO-MATHEMATICAL FOUNDATIONS OF BIOLOGY. N. Rashevsky. 

One of most important books in modern biology, now revised, expanded with new chapters, 
to Include most significant recent contributions. Vol. 1: Diffusion phenomena, particularly 
diffusion drag forces, their effects. Old theory of cell division based on diffusion drag 
forces, other theoretical approaches, more exhaustively treated than ever. Theories of ex- 
citation. conduction in nerves, with formal theories plus physico-chemical theory. Vol. 2: 
Mathematical theories of various phenomena in central nervous system. New chapters on 
theory of color vision, of random nets. Principle of optimal design, extended from earlier 
edition. Principle of relational mapping of organisms, numerous applications. Introduces 
into mathematical biology such branches of math as topology, theory of sets. Index. 236 
illustrations. Total of 988pp. SVs x 8. S574 Vol. 1 (Books 1, 2) Paperbound $2.50 
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2 vol. set $5.00 

ELEMENTS OF MATHEMATICAL BIOLOGY. A. J. Lotka. A pioneer classic, the first major attempt 
to apply modern mathematical techniques on a large scale to phenomena of biology, bio- 
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of irreversibility; Evolution as redistribution; Equations of kinetics of evolving systems; 
Chemical, inter-species equilibrium; parameters of state-, Energy transformers of nature, 
etc. Can be read with profit even by those having no advanced math; unsurpassed as study- 
reference. Formerly titled ELEMENTS OF PHYSICAL BIOLOGY. 72 figures, xxx + 460pp. 

X 8. S346 Paperbound $2.45 

THE BIOLOGY OF THE AMPHIBIA, G. K. Noble, Late Curator of Herpetology at the Am. Mus. 
of Nat. Hist. Probably the most used text on amphibia, unmatched in comprehensiveness, 
clarity, detail. 19 chapters plus 85-page supplement rover development; heredity; life history; 
speciatlon; adaptation; sex, integument, respiratory, circulatory, digestive, muscular, nervous 
systems; instinct, intelligence, habits, environment, economic value, relationships, classifica- 
tion, etc. “Nothing comparable to it.” C. H, Pope, Curator of Amphibia. Chicago Mus. of 
Nat. Hist. 1047 bibliographic references. 174 Illustrations. 600pp. 5H x 8. 

S206 Paperbound $2.98 

STUDIES ON THE STRUCTURE AND DEVELOPMENT OF VERTEBRATES, E. S. Goodrich. A definitive 
study by the greatest modern comparative anatomist. Exceptional in its accounts of the 
ossicles of the ear, the separate divisions of the coelom and mammalian diaphragm and 
the 5 chapters devoted to the head region. Also exhaustive morphological and phylogenetic 
expositions of skeleton, fins and limbs, skeletal visceral arches and labial cartilages 
visceral clefts and gills, vacular, respiratory, excretory, and peripheral nervous systems, etc.! 
from fish to the higher mammals. 754 illustrations. 69 page biographical study by C C 
Hardy. Bibliography of 1186 references. “What an undertaking ... to write a textbook which 
will summarize adequately and succinctly all that has been done in the realm of Verte- 
brate Morphology these recent years," Journal of Anatomy, index. Two volumes. Total 906pp. 

Two vol. set S449-50 Paperbound $5.00 


A TREATISE ON PHYSIOLOGICAL OPTICS, H. von Helmholtz, Ed. by J. P. C. Southall. Unmatched 
for thoroughness, soundness, and comprehensiveness, this is still the most important work 
ever produced in the field of physiological optics. Revised and annotated, it contains every- 
thing known about the subject up to 1925. Beginning with a careful anatomical description 
of the eye, the main body of the text is divided into three general categories: The Dioptrics 
of the Eye (covering optical imagery, blur circles on the retina, the mechanism of accommo- 
dation, chromatic aberration, etc.); The Sensations of Vision (including stimulation of the 
organ of vision, simple and compound colors, the intensity and duration of light, variations 
of sensitivity, corjtrast, etc.); and The Perceptions of Vision (containing movements of the 
eyes, the monocular field of vision, direction, perception of depth, binocular double vision, 
etc.). Appendices cover later findings on optical imagery, refraction, ophthalmoscopy, and 

Unabridged, corrected republication of the original English translation 

?i!hiI«c .,3 volumes bound as 2, Complete bibliography, 1911-1925. 

Indices. 312 illustrations. 6 full-page plates, 3 in color. Total of 1.749pp, 5% x 8. 
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nf S' introduction, not only for beginning students 

2tr c?! readers — physicists, biochemists, illuminating engineers, optom* 

etrists, psychologists, etc. Comprehensive coverage of such matters as the Organ of Vision 

iriantatinn Thf^nn’f ^^i® c''®V"^’ *^6 ^<l'0P*ric System, monocular and binocular vision, 

f optical System of the Eye {reflex images In the cornea and crystal- 

line lenSj Emmetropra and Ametropia, accommodation, blur circles on retina): Eye-Glasses: Eve 

its Socket; Rod and Cone Vision; Color Vision; and 
other Similar topics. Index. 134 figures, x +426pp. 5% x 8. S924 Paperbound $2.25 


VISION, Yves LeGrand. A thorough examination of the eye as a receptor 
aLnrh niht ^ ^ mechamsm (the retina) consisting of light-sensitive cells which 

mp^t ?h l wave lengths— probably the most complete and authoritative treat- 

subject in print. Originally prepared as a series of lectures given at the Insti- 
In^rnJ 'P subscquently enlarged for book publication. Partial contents: Radiant 

' Sources of Radiation— artificial and natural, the 
Visual Receptor, Photometric Quantities, Units, Calculations, Retinal Illumination, Trivarlance 
or Vision, Colorimetry. Luminance Difference Thresholds, Anatomy of the Retina, Theories 
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with solutions. 500-item bibliography. Authorized translation by R. Hunt, J. Walsh. F. Hunt. 
Index. 173 illustrations, xiii -f 512pp. 5% x 8 V 2 . S979 Clothbound $10.00 


FINGER PRINTS, PALMS AND SOLES: AN INTRODUCTION TO DERMAT06LYPHICS, Harold Cum- 
mins and Charles Midlo. An Introduction in non-technical language designed to acquaint the 
reader with a long-neglected aspect of human biology. Although a chapter dealing with 
fingerprint identification and the systems of classification used by the FBI, etc. has been 
added especially for this edition, the main concern of the book Is to show how the Intri- 
cate pattern of ridges and wrinkles on our fingers have a broader significance, applicable 
m many areas of science and life. Some topics are: the Identification of two types of twins; 
uie resolution of doubtful cases of paternity; racial variation; inheritance; the relation of 
fingerprints to body measurements, blood groups, criminality, character, etc. Classification 
and recognition of fundamental patterns and pattern types discussed fully 149 figures. 49 
tables. 361-item bibliography. Index, xii -F 319pp. 5% x 8%. T778 Paperbound $1,95 
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ANTONY VAN LEEUWENHOEK AND HIS ‘‘LIHLE ANIMALS,” edited by Clifford Dobell. First 
book to treat extensively, accurately, life and works (relating to protozoology, bacteriology) 
of first microbiologist, bacteriologist, micrologist. Includes founding papers of protozoology, 
bacteriology; history of Leeuwenhoek's life; discussions of his microscopes, methods, 
language. His writing conveys sense of an enthusiastic, naive genius, as he looks at rain- 
water, pepper water, vinegar, frog’s skin, rotifers, etc. Extremely readable, even ♦or non- 
specialists. “One of the most interesting and enlightening books I have ever '’O^d, 

C. C. Bass, former Dean, Tulane U. School of Medicine. Only authorized edition. 40(hlteni 
bibliography. Index. 32 illust. 442pp. 5% x 8. S594 Paperbound $2.25 

THE GR.OWTH OF SCIENTIFIC PHYSIOLOGY, G. J. Goodfield. A compact, superbly written account 
of how certain scientific investigations brought about the emergence of the distinct science 
of physiology. Centers principally around the mechanist-vitalist controversy prior to the Devel- 
opment of physiology as an independent science, using the arguments which 
the problem of animal heat as its chief Illustration. Covers thoroughly the efforts of chnicians 
and naturalists and workers in chemistry and physics to solve these problems — from which jne 
new discipline arose. Includes the theories and contributions of: Aristotle, Galen, Harvey, Boyi^ 
Bernard, Benjamin Franklin, Palmer, Gay-Lussac, Priestley, Spallanzani, and many others, ivw 
publication. Biographical bibliography. 174pp. 5 x T1066 Clothbound $3.w 

MICROGRAPHIA, Robert Hooke. Hooke, 17th century British universal scientific genius, was a 
major pioneer in celestial mechanics, optics, gravity, and many other fields, but his greaiesi 
contribution was this book, now reprinted entirely from the original 1665 edition, which gave 
microscopy its first great impetus. With all the freshness of discovery, he describes fully ms 
microscope, and his observations of cork, the edge of a razor, insects’ eyes, fabrics, ano 
dozens of other different objects. 38 plates, full-size or larger, contain all the original 
illustrations. This book is also a fundamental classic in the fields of combustion and near 
theory, light and color theory, botany and zoology, hygrometry, and many other fields, it con- 
tains such farsighted predictions as the famous anticipation of artificial silk. The final sectiM 

is concerned with Hooke's telescopic observations of the moon and stars. 323pp. 5% x e. 

T8 Paperbound $2.00 
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Medicine 

CLASSICS OF MEDICINE AND SURGERY, edited by C. N. B. Camac. 12 greatest papers In 
medical history, 11 in full: Lister's “Antiseptic Principle;” Harvey’s “Motion in the Heart 
and Blood;” Auenbrugger's “Percussion of the Chest;" Laennec s “Auscuitatiori and the 
Stethoscope" Jenner’s “Inquiry into Smallpox Vaccine," 2 related papers; Morton’s "Admin- 
istering Sulphuric Ether," letters to Warren, “Physiology of Ether;" Simpson’s “A New 
Anaesthetic Agent;" Holmes’ “Puerperal Fever." Biographies, portraits of authors, bibliog- 
raphies. Formerly “Epoch-making Contributions to Medicine, Surgery, and the Allied Sciences. 
Introduction. 14 illus. 445pp. bVd x 8. S539 Paperbound ^2.25 

A WAY OF LIFE. Sir William Osier. The complete essay, stating his philosophy of life, as 
given at Yale University by this great physician and teacher. 30 pages. Copies limited, no 
more than 1 to a customer. Free. 

SOURCE BOOK OF MEDICAL HISTORY, compiled, annotated by Logan Clendening. M.D. Un- 
equalled collection of 139 greatest papers in medical history, by 120 authors, covers almost 
every area; pathology, asepsis, preventive medicine, bacteriology, physiology, etc. Hippocrates, 
Gain, Vesalius, Malpighi. Morgagni, Boerhave, Pasteur, Walter Reed, Florence Nightingale, 
Lavoisier. Claude Bernard, 109 others, give view of medicine unequalled for immediacy. 
Careful selections give heart of each paper save you reading time. Selections from non- 
medical literature show lay-views of medicine; Aristophanes, Plato. Arabian Nights, Chaucer, 
Molifere. Dickens. Thackeray, others. “Notable . . . useful to teacher and student alike," 
Amer. Historical Review. Bibliography. Index. 699pp, SVe x 8. T621 Paperbound $2.75 

EXPERIMENTS AND OBSERVATIONS ON THE GASTRIC lUICE AND THE PHYSIOLOGY OF DIGESTION, 
William Beaumont. A gunshot wound which left a man with a 2V2 inch hole through his 
abdomen into his stomach (1822) enabled Beaumont to perform the remarkable experiments 
set down here. The first comprehensive, thorough study of motions and processes of the 
stomach, “his work remains a model of patient, persevering investigation. . . . Beaumont is 
the pioneer physiologist of this country.” (Sir William Osier, in his introduction.) 4 illustra- 
tions. xi -I- 280pp. SVe x 8. S527 Paperbound $1.50 

AN INTRODUCTION TO THE STUDY OF EXPERIMENTAL MEDICINE, Claude Bernard. 90-year-old 
classic of medical science, only major work of Bernard available in English, records his 
efforts to transform physiology into exact science. Principles of scientific research illustrated 
by specific case histories from his work; roles of chance, error, preliminary false conclusions, 
in leading eventually to scientific truth; use of hypothesis. Much of modern application of 
mathematics to biology rests on the foundation set down here. New foreword by Professor 
1. B. Cohen, Harvard Univ. xxv + 266pp. 5% x 8. T400 Paperbound $1.50 

A WAY OF LIFE. AND OTHER SELECTED WRITINGS. Sir William Osier, Physician and humanist. 
Osier discourses brilliantly in thought provoking essays and on the history of medicine. 
He discusses Thomas Browne, Gui Patin, Robert Burton, Michael Servetus, William Beaumont, 
Laennec. Includes such favorite writings as the title essay, “The Old Humanities and the 
New Science.” "Creators, Transmitters, and Transmuters "Books and Men," "The Student 
Life." and five more of his best discussions of philosophy, religion and literature 5 photo- 
graphs. Introduction by G. L. Keynes, M.D., F.R.C.S. Index, xx + 278pp. 5% x 8, 

T488 Paperbound $1.50 


THE HISTORY OF SURGICAL ANESTHESIA, Thomas E. Keys. Concise, but thorough and always 
engrossing account of the long struggle to find effective methods of eliminating pain during 
surgery, tracing the remarkable story through the centuries to the eventual successes by 
dedicated researchers, the acceptance of ether, the work of men such as Priestley, Morton 
Lundy, and many, many others. Discussions of the developments in local, regional, and 
spinal ariesthesia, etc. ‘The general reader as well as the medical historian will find mate- 
rial t^o interest him in this fascinating story,” U.S. QUARTERLY BOOKLIST. Revised, en- 
larged publication of original edition. Introductory essay by C. 0. Leake. Concluding chapter 
by N. A. Gillespie. Appendix by J. F. Fulton. 46 illustrations. New preface by the author. 
Chronology of events. Extensive bibliographies. Index, xxx + 193pp. 5% x 8V2. 

T1122 Paperbound $2.00 


A SHORT HISTORY OF ANATOMY AND PHYSIOLOGY FROM TH£ GREEKS TO HARVEY, Charles 
Singer. Corrected edition of THE EVOLUTION OF ANATOMY, classic work tracing evolution of 
anatomy and physiology from prescientific times through Greek & Roman periods. Dark Ages 

beginning of modern concepts. Centered on individuals! 
movements, periods that definitely advanced anatomical knowledge: Plato, Diodes, Aristotle 

Erasistratus the Alexandrians, Galen, Mondino, da Vinci, Linacre! 
fahniai' Vesalius; Vesalian atlas of nudes, skeletons, muscle 

mpriipwai 270 extremely interesting illustrations of ancient, 

medieval, Renaissance. Oriental origin, xii -1- 209pp. 53/fe x 8. T389 Paperbound $1.75 
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Nature 


AN INTRODUCTION TO BIRD LIFE FOR BIRO WATCHERS, Aretas A. Saunders. Fine, readable 
introduction to birdwatching. Includes a great deal of basic information on about 160 dif- 
ferent varieties of wild birds — elementary facts not easily found elsewhere. Complete guide 
to Identification procedures, methods of observation. Important habits of birds, finding nests, 
food, etc. “Could make bird watchers of readers who never suspected they were vulnerable 
to that particular virus," CHICAGO SUNDAY TRIBUNE. Unabridged, corrected edition. Bibli- 
ography. Index. 22 line drawings by D. D’Ostilio. Formerly "The Lives of Wild Birds." 256pp. 
5% X 8V2. T1139 Paperbound $1.00 

LIFE HISTORIES OF NORTH AMERICAN BIRDS, Arthur Cleveland Bent. Bent’s historic, all- 
encompassing series on North American birds, originally produced under the auspices of the 
Smithsonian Institution, now being republished in its entirety by Dover Publications. The 
twenty-volume collection forms the most comprehensive, most complete, most-used source 
of information in existence. Each study describes in detail the characteristics, range, dis- 
tribution, habits, migratory patterns, courtship procedures, plumage, eggs, voice, enemies, 
etc. of the different species and subspecies of the birds that inhabit our continent, utilizing 
reports of hundreds of contemporary observers as well as the writings of the great natural- 
ists of the past. Invaluable to the ornithologist, conservationist, amateur naturalist, and 
birdwatcher. All books In the series contain numerous photographs to provide handy guides 
for identification and study. 


LIFE HISTORIES OF NORTH AMERICAN BIROS OF PREY. Including hawks, eagles, falcons, buz- 
zards. condors, owls, etc. Index. Bibliographies of 923 items. 197 full-page plates containing 
close to 400 photographs. Total of 907pp. 5% x 8V'2. Vol. I: T931 Paperbound $2.50 

Vol. 11: T932 Paperbound $2.50 
The set Paperbound $5.00 

LIFE HISTORIES OF NORTH AMERICAN SHORE BIRDS. Including 81 varieties of such birds as 
sandpipers, woodcocks, snipes, phalaropes, oyster catchers, and many others. Index for each 
volume. Bibliographies of 449 entries. 121 full-page plates including over 200 photographs. 
Total of 860 pp. 5% x 8V2. Vol. I: T933 Paperbound $2.35 

Vol. II: T934 Paperbound $2.35 
The set Paperbound $4.70 

LIFE HISTORIES OF NORTH AMERICAN WILD FOWL. Including 73 varieties of ducks, geese, mer- 
gansers, swans, etc. Index for each volume. Bibliographies of 268 items. 106 full-page plates 

containing close to 200 photographs. Total of 685pp, 5% x 8V2. ^ 

Vol. I: T285 Paperbound $2.50 

Vol. II: T286 Paperbound $2.50 
The set Paperbound $5.00 

LIFE HISTORIES OF NORTH AMERICAN GULLS AND TERNS. 50 different varieties of gulls and 

terns. Index. Bibliography. 93 plates Including 149 photographs, xtl -I- 337pp. 5% x 8w. 

T1029 Paperbound $2.75 

LIFE HISTORIES OF NORTH AMERICAN GALLINACEOUS BIRDS. Including partridge, Quail, grouse, 
pheasant, pigeons, doves, and others. Index. Bibliography. 93 full-page plates including 170 
photographs, xiii -I- 490pp. 5% x 8V2. '1028 Paperbound $2.75 


THE MALAY ARCHIPELAGO. Alfred Russel Wallace. The record of the explorations (8 years. 
14,000 miles) of the Malay Archipelago by a great scientific observer. A contemporary Of 
Darwin, Wallace independently arrived at the concept of evolution by natural selection, 
applied the new theories of evolution to later genetic discoveries, and made significant con- 
tributions to biology, zoology, and botany. This work Is still one of the classics of natural 
history and travel. It contains the author's reports of the different native peoples of ine 
Islands, descriptions of the Island groupings, his accounts of the animals, birds, and insects 
that flourished in this area. The reader is carried through strange lands, alien cultures, ana 
new theories, and will share in an exciting, unrivalled travel experience. Unabridged reprint 
of the 1922 edition, with 62 drawings and maps. 3 appendices, one on cranial measur^ 
ments. xvii -I- 515pp. 5% x 8. T187 Paperbound $2.00 


THE TRAVELS OF WILLIAM BARTRAM, edited by Mark Van Doren. This ^f^ipus source-book of 
American anthropology, natural history, geography is the f^ecord kept by Bartram in 
1770's, on travels through the wilderness of Florida. Georgia, the Carolinas. Contai 8 
accurate and beautiful descriptions of Indians, settlers, fauna, flora, it 9”f, 9!. 
pieces of Americana ever written. Introduction by Mark Van Ooren. 13 original inuslraoo . 
Index. 448pp. 5% X 8. T13 Paperbound $2.w 


COMMON SPIDERS OF THE UNITED STATES, J. H. Emerton. Only 

reliable guide to spiders for the layman. Over 200 spiders from all parts of the couniry, 
arranged by scientific classification, are identified by shape and color, ^^cflon 

and range, habits, etc. Full text. 501 line drawings and photographs, and valuable introduction 
explain webs, poisons, threads, capturing and preserving spiders, etc. Index. New p 
key by S. W. Frost, xxiv -I- 225pp. 5% x 8. T223 Paperbound 51.^ 
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LIFE HISTORIES OF NORTH AMERICAN MARSH BIROS. A wealth of data on 54 different kinds of 
marsh bird (flamingo, ibis, bittern, heron, egret, crane aake. rail, coot, eXc.). ®'Dliog- 

raphy. 98 full-page plates containing 179 black-and-white photographs, ^xiv p+pg392pp^ 5^%^ x 

LIFE HISTORIES OF NORTH AMERICAN DIVING BIRDS. Thirty-six different diving birds including 

grebe, loon. auk. murre, puffin, and the like. Index. Bibliography. 55 ♦ul 'Page 

^aphs). xiv + 239pp. 5% x 8V2. T1091 Paperbound $2.75 

LIFE HISTORIES OF NORTH AMERICAN WOOD WARBLERS. Covers about 58 types. Index. Bibliog- 
raphy. 83 full-page plates containing 125 black-and-white photographs, xi -t- 734pp. of text. 
C3/- w 01/- Vol. I; T1153 Paperbound $2.50 

Vol. II: T1154 Paperbound $2.50 
The set Paoerbound S5.0Q 


LIFE HISTORIES OF NORTH AMERICAN FLYCATCHERS, LARKS, SWALLOWS, AND THEIR ALLIES. 
Complete information on about 78 different varieties. Index. Bibliography. 70 full-page plates 
(117 photographs). xi + 555pp. of text. 5^/8 x 8V2. T1090 Paperbound $2.75 

AMERICAN WILDLIFE, AND PLANTS: A GUIDE TO WILDLIFE FOOD HABITS. A. C. Martin, H. S. 
Zim, A. L. Nelson. Result of 75 years of research by U. S. Fish and Wildlife Service into food 
and feeding habits of more than 1,000 species of birds and mammals, their distribution In 
America, migratory habits, and the most important plant-animal relationships. Treats over 
300 common species of birds, fur and game animals, small mammals, hoofed browsers, fish, 
amphibians, reptiles by group, giving data on their food, ranges, habits and economies. Also 
focuses on the different genera of plants that furnish food for our wildlife, animals that use 
them, and their value. Only thorough study of its kind in existence. •‘Of immense value to 
sportsmen, naturalists, bird students, foresters, landscape architects, botanists,” NATURE. 
"Undoubtedly an essential handbook." SCIENTIFIC MONTHLY. Unabridged republication of 
1951 edition. Over 600 illustrations, maps, etc. Classified bibliography. Index, x + 500pp. 
5^ X 8. "^793 Paperbound $2.25 


HOW TO KNOW THE WILD FLOWERS, Mrs. Wm. Starr Dana. A Guide to the names, haunts, and 
habits of wild flowers. Well-known classic of nature lore. Informative and delightful. Plants 
classified by color and season of their typical flowers for easy identification. Thorough cov- 
erage of more than 1,000 important flowering, berry-bearing and foliage plants of Eastern 
and Central United States and Canada. Complete botanical information about each important 
plant. Also history, uses, folklore, habitat, etc. Nomenclature modernized by C. J. Hylander. 
174 full-page illustrations by Marion Satterlee, xii -P 481pp. SVa x SV 2 . 

T332 Paperbound $1.05 

HOW PLANTS GET THEIR NAMES, L. H. Bailey. Introduction to botanical nomenclature for the 
horticulturist and garden-lover. Discussions of Carl Linnaeus, "father of botany," and ana- 
lysis of his definitions of genus and species, a brief history of the science before Linnaean 
systematization, a chapter on plant identification, a mine of information on the rules of 
nomenclature and Latin stems and word-endings used in botanical nomenclature, with pro- 
nunciation guides. An important section contains a full list of generic terms of horticultural 
literature and common Latin words and their English botanical applications and meanings. 
"Written with knowledge and authority, charm and eloquence and poetic imagination on the 
varied aspects of the author’s specialty," New York Times. 11 illustrations, vi + 181pp. 
5% X 8V2. T796 Paperbound $1.25 

THE CACTACEAE: DESCRIPTIONS AND ILLUSTRATIONS OF PLANTS OF THE CACTUS FAMILY, 
N. L. Britton and J. N. Rose. Definitive study of plants of the Cactus Family. The authors 
devoted more than 15 years of research to this monumental task and produced an exhaus- 
tive. rigorously scientific account never likely to be superseded. 3 major classifications, or 
tribes, are recognized, under which they arrange and describe In full detail 124 genera 
and 1,235 species of cactus from all over the world. Complete data on each species: leaves, 
flowers, seeds, fruit, distribution, growth, spines, stem structure, economic uses. etc. In 
addition, 125 keys facilitate identification of genera and species, for teachers and students 
of botany and forestry, naturalists, conservationists, and nature lovers, this is an indis- 
pensable work. Unabridged republication of second (1937) edition. First edition originally 
published under the auspices of the Carnegie Institution, Washington, D.C. 4 vols. bound 
as 2. 1279 illustrations, photographs, sketches, etc. 137 plates. Total of xxvii + 1039pp. 
8 X 10V4. T771 Clothbound, 2-volume set $20.00 

GUIDE TO SOUTHERN TREES, Elwood S. and J. George Harrar. A handy, comprehensive 700- 
page manual with numerous illustrations and information on more than 350 different kinds 
of trees, covering the entire area south of the Mason-Dixon line from the Atlantic Ocean 
to the Florida Keys and western Texas. Descriptions range from the common pine, cypress, 
walnut, beech, and elm to such rare species as Franklinia, etc. A mine of information on 
leaves, flowers, twigs, bark, fruit, distribution etc. of each kind of tree. Eminently readable, 
written in non-technical language, it is an indispensable handbook for all lovers of the out- 
doors. Revised edition. Index. 81-item bibliography. Glossary. 200 full-page illustrations. 
IX -I- 709pp. 4V8 X 6^8. T945 Paperbound $2.25 
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Books Explaining Science and 
Mathematics 


WHAT IS SCIENCE?, N. Campbell. The role of experiment and measurement, the function of 
mathematics, the nature of scientific laws, the difference between laws and theories, 
the limitations of science, and many similarly provocative topics are treated clearly 
and without technicalities by an eminent scientist. "Still an excellent intro* 
duction to scientific philosophy," H. Margenau in PHYSICS TODAY. "A first-rate primer . . . 
deserves a wide audience," SCIENTIFIC AMERICAN. 192pp. 5^'b x 8. S43 Paperbound $1.25 


THE NATURE OF PHYSICAL THEORY, P. W. Bridgman. A Nobel Laureate’s clear, non-technical 
lectures on difficulties and paradoxes connected with frontier research on the physical 
sciences. Concerned with such central concepts as thought, logic, mathematics, relativity, 
probability, wave mechanics, etc, he analyzes the contributions of such men as Newton, 
Einstein, Bohr, Heisenberg, and many others. "Lucid and entertaining . . . recommended to 
anyone who wants to get some insight into current philosophies of science," THE NEW 
PHILOSOPHY. Index, xi + 138pp. 5% x 8. S33 Paperbound $1.25 


EXPERIMENT AND THEORY IN PHYSICS, Max Born. A Nobel Laureate examines the nature of 
experiment and theory in theoretical physics and analyzes the advances made by the 
physicists of our day: Heisenberg, Einstein, Bohr, Planck, Dirac, and others. The actual 
process of creation is detailed step-by-step by one who participated. A fine examination of ine 
scientific method at work. 44pp. 5% x 8. S308 Paperbound 750 


THE PSYCHOLOGY OF INVENTION IN THE MATHEMATICAL FIELD, J. Hadamard. 
such men as Descartes, Pascal, Einstein, Poincar6, and others are considered In this mvesn- 
gation of the method of idea-creation in mathematics and other sciences and the ininxing 
process in general. How do ideas originate? What is the role of the unconscious? what is 
Poincare’s forgetting hypothesis? are some of the fascinating questions treated. A peneiraung 
analysis of Einstein^s thought processes concludes the book, xiii + 145pp. 5% x 


THE NATURE OF LIGHT AND COLOUR IN THE OPEN AIR, M. Minnaert. Why are shadows some- 
times blue, sometimes green, or other colors depending on the light and surroundings, wnai 
causes mirages? Why do multiple suns and moons appear in the sky? Professor Minnae 
explains these unusual phenomena and hundreds of others m simple, easy-to-understand ter 
based on optical laws and the properties of light and color. No f^^themalics ts required o 
artists, scientists, students, and everyone fascinated by these "tricks of nature wi tma 
thousands of useful and amazing pieces of information. Hundreds of 
are suggested which require no special equipment. 200 illustrations; ^ 2 ^P^ot«^^xvi^^+^ 

5 X S* 


THE UNIVERSE OF LIGHT, W. Bragg. Sir William Bragg. Nobel Laureate T 

cist, is also well known for his powers of clear exposition Here he analyzes an «P® 

light for the layman: lenses, reflection, refraction, the optics of vision. bubbles, 

electric effect, etc. He tells you what causes the color of Preface, 

how magic mirrors work, and much more. Dozens of ^'^ople experiments a ^ 283PP- 

Index. 199 line drawings and photographs, including 2 full-page Paperbound $1^85 

5% X 8. 


SOAP-BUBBLES; THEIR COLOURS AND THE FORCES THAT MOULD ^HEM- C- Vj BOYS- For continuing 
popularity and validity as scientific primer, few Pooks can match surface 

followed experiments, explanations. Lucid exposition of complexities ^ i qui^^ 

tension and related phenomena, bubbles reaction to comoosite bubbles, liquid 

Experiments with capillary attraction, soap bubbles on frames, composiie ou jgntific 
cylinders and jets, bubbles other than soap, etc. Wonderful introductmn to 

method, natural laws that have many ramifications in areas of modern physics. J, 

plete edition in print. New 'oVoduction by S Z Lewin. New York Universal ^ 5 ^ 

tions; 1 full-page color plate, xii + 190pp. 5% x 8Vi. ** 
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A CONCISE HISTORY OF MATHEMATICS. D. Struik. A lucid, easily followed history of mathe- 
matical ideas and techniques from the Ancient Near East up to modern times. Requires no 
mathematics but will serve as an excellent Introduction to mathematical concepts and great 
mathematicians through the method of historical development. 60 Illustrations including 
Egyptian papyri, Greek mss., portraits of 31 eminent mathematicians. Bibliography, xix + 
299pp. 53/8 X 8 . T255 Paperbound $ 1.75 

A SHORT ACCOUNT OF THE HISTORY OF MATHEMATICS, W. W. Rouse Ball. Last previous 
edition (1908) hailed by mathematicians and laymen for lucid overview of math as living 
science, for understandable presentation of individual contributions of great mathematicians. 
Treats lives, discoveries of every important school and figure from Egypt. Phoenicia to 
late nineteenth century. Greek schools of Ionia. Cyzicus. Alexandria. Byzantium. Pythagoras; 
primitive arithmetic; Middle Ages and Renaissance, including European and Asiatic contribu- 
tions; modern math of Descartes. Pascal. Wallis. Huygens, Newton. Euler, Lambert. Laplace, 
scores more. More emphasis on historical development, exposition of ideas than other books 
on subject. Non-technical. readable text can be followed with no more preparation than 
high-school algebra. Index. 544pp. 53/8 x 8. S630 Paperbound $2.00 

ON MATHEMATICS AND MATHEMATICIANS, R. E. Moritz. A ten year labor of love by the 
discerning and discriminating Prof. Moritz, this collection has rarely been equalled in its 
ability to convey the full sense of mathematics and the personalities of great mathematicians. 
A collection of anecdotes, aphorisms, reminiscences, philosophies, definitions, speculations, 
biographical insights, etc., by great mathematicians and writers: Descartes, Mill, De Morgan, 
Locke, Berkeley. Kant, Coleridge. Whitehead. Sylvester, Klein, and many others. Also, 
glimpses into the lives of mathematical giants from Archimedes to Euler, Gauss, and 
Weierstrass. To mathematicians, a superb book for browsing; to writers and teachers, an 
unequalled source of quotation; to the layman, an exciting revelation of the fullness of 
mathematics. Extensive cross index. 410pp. 53/8 x 8. T489 Paperbound $ 1.95 

SIR ISAAC NEWTON: A BIOGRAPHY, Louis Trenchard More. Standard, definitive biography of 
Newton, covering every phase of his life and career in its presentation of the renowned 
scientific genius as a living man. Objective, critical analysis of his character as well as a 
careful survey of his manifold accomplishments in many areas of science, and in theology, 
history, politics, finance. Text includes letters by Newton and acquaintances, many other 
papers, some translated from Latin to English by the author. Scientists, teachers of 
science will especially be interested in this book, which will appeal to all readers con- 
cerned with history of ideas, development of science. Republication of original (1934) 
edition. 1 full-page plate. Index, xii -f 675pp. 53/8 x 8V2. S79 Paperbound $2.50 

GUIDE TO THE LITERATURE OF MATHEMATICS AND PHYSICS. N. G. Parke III. Over 5000 entries 
included under approximately 120 major subject headings, of selected most important books 
monographs, periodicals, articles in English, plus important works in German. French, Italian] 
Spanish, Russian (many recently available works). Covers every branch of physics, math, 
related engineering. Includes author, title, edition, publisher, place, date, number of volumes,' 
number of pages. A 40-page introduction on the basic problems of research and study provides 
useful information on the organization and use of libraries, the psychology of learning etc 
This reference work will save you hours of time. 2nd revised edition. Indices of authors 
subjects. 464pp. 53/8 x 8. S447 Paperbound $2.49 
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